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Kansas University Quarterly. 



Vol. X. JANUARY, 1901. No. i. 



Permian Plants— Taeniopteris of the Permian 

of Kansas/ 



Contribution from the Paleontological Laboratory No. 58. 



BY £. H. SELLARDS. 



Wlth Plates-I. II, III and IV. 
The fern genus, Taeniopteris Brongniart, is well représentée! in 
number of individuals, in the Kansas Permian Flora, on which the 
author is workîng, and présents aside from the présence of at least 
two species and one variety, some interesting features. The 
rachises of several of the ferns bear elliptical scars, which, as I will 
attempt to show, are very simiiar to, if not identical with the scars 
on Macroiaeniopieris magnifolia (Rogers) Schimper from the Rich- 
mond coal fields of Virginia, Jurassic, regarded by some authors 
as scars marking the position of the sori of the genus. The second 
character of especial interest is the présence between the veins of 
small, oval résistent bodies, sporangia (?), fungi, or possibly 
interneursrt glands. The plants described come from three miles 
south and one-half miles east of Banner City, Dickinson county, 
Kansas; a few also from the same horizon three miles south of 
Carlton, Kansas. They were collected in part by Mr. Charles 
Sterling of the University, and in part by the author. The forma- 
tion is probably the Marion of Prosser. The plant horizon is 
within a few feet vertically of the plant-bearing Cretaceous strata. 
The photographs and drawings were made by the author, except 
figure 7, plate i, made by Mr. Sidney Prentice. 



1 Pablished by permission of the paleontologist of the University G^eological Surrey 
ot Kansas. 

(1) KAN. UNIV. QUAB., VOL. X, NO. 1, JAN., 1901, 8KUB8 A. 
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The author is very much indebted to Dr. David White, curator 
of the Palaeozoic plaat collections of the United States National 
Muséum, not only for the kindest advice and suggestions, but for 
the favors of access to the collections in his charge, and assistance 
in finding the plants of most interest in their relation to the Kansas 
forms. 

Systematic Description. 

TAENIOPTERIS. 

Brongniart. Prodrome, p. 6i, 1828 
TckeniopteriB ooriacea Goep. Plate I, Figs. 6, 8-12; Plate II; Plate III, 
Figs. I, 2; Plate IV, Figs. i, 3. 
Taeniopteris coriacca Goeppert. Flora dcr Permischen Formation, p. 130, 
Plate VIII, Fig. 4: Plate IX, Fig, 2, 1865-1866. 

Fronds simple (?), linear or very narrowly elliptical, coriaceous 
in texture, broadest in the middle, tapering to a symmetrical 
lanceolate apex, and a petiolate base, 8 to 20 cm. long, average 
width at the middle, 10 to 20 mm.; rachis strong at the base, 
rough with rather strong, longitudinal striae, about 3 mm. wide, 
reduced gradually in passing to the apex where it becomes a mère 
Une; fronds slightly rolled at the borders; latéral veins numerous, 
strong, straight and parallel, cross the lamina obliquely, with a 
slight but distinct upward curve at the border, 28 to 32 per centi- 
meter; veins near the base of the frond leave the rachis with a 
short curve, often forked once near their base; those at the middle 
of the frond only slightly curved at their union with the rachis, 
seldom forked; those near the apex not at ail curved at their base, 
always simple, straight, or even arched upwards slightly in cross- 
ing the lamina; oval bodies, sporangia (?) on several of the fronds, 
situated between the veins, half immersed in the epidermis of the 
frond, J^ to ^ mm. apart, six or seven between each two veins; 
elliptical élévations, or corresponding dépressions occur 6n or near 
the rachis of several spécimens. 

The species is a common one, and is represented by many good 
spécimens. By reason of the thick résistant texture, the frond is 
usually well preserved, and forms a natural line of cleavage in the 
matrix, which often breaks so as to expose its entire length. The 
individual spécimens vary a good deal in size, but can usually 
be readily recognized by their straight, oblique, strong nerves, 
résistant texture, and lanceolate apex. 

The agreement with Goeppert's types is not entirely complète, 
but essentially so. Goeppert's figures do not show a rolled border, 
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nar does he niention such a character in his description; but this 
character is not alvvays évident, and possibly not always présent. 

I hâve consideredi the frond as probably simple, as there are no 
indications of a pinnate character, and it has the same shape as 
other Tatnioptorids with supposedly simple f ronds. The peculiari- 
ties of venation noted in the above diagnosis — veins near the base 
of the frond more curved at their union with the rachis, often 
forked, while those at the apex are only slightly curved, seldom 
forked, — are seen also in the figures of the European spécimens. 
The texture and shape of the fronds also agrée. The fact that 
the oval bodies between the veins hâve not been previously ob- 
served may be due to the rarity of the species and the few spéci- 
mens heretofore obtained. The scars on or near the rachis, 
whether the resuit of fungi or of insect stings may hâve been absent 
on the European spécimens. 

The slightly thickened and roUed border of this species might 
be taken to indicate the présence of a border vein — a supposition 
to which the upward curve of the veins at the border adds strength. 
But if such a character belongs to the species, it iç not sufficiently 
preserved on any of the spécimens at hand to be recognizable. 
Such a character, if it exists, would bring the species into compari- 
son with the Mesozoic genus Olcandridium, some species of which 
it otherwise closely resembles. 

The species seems to hâve been found as yet in only two other 
localities, both Permian, Ottendorf in Bohemia, and Lissitz in 
Moravia, both recorded b}^ Goeppert, 1. c. The spécimens known 
of the species heretofore hâve ail been somewhat fragmentary. 

Taeniopteris coriacea var. linearis n. var. Plate III. Figs. 3, 4. 

Fronds smaller, more narrowly linear, apex very acute, average 
width 7 to 20 mm , average length about 14 cm., thinner in texture, 
venation apparently thinner, and perhaps doser. ^ 

The différence between the extrême forms of this variety and the 
spécimens typical of the species is very great, and if there were 
no intermediate forms would undoubtedly be considered of spécifie 
value. But between the extremely narrow fronds such as fîgured 
plate m, fig. 4, and those typical of the species, plate II, figs. i and 
2, thete are such continuons gradations that I am entirely unable 
to draw any separating line. The venation of the smaller fronds 
seem thinner, but becomes proportionally stronger with the size of 
the frond. The apex, however, is decidedly more acute. The 
species and variety occur at the same locality. 
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Taeniopteris newberriana F. and I. C. W. Plate I, Figs. 1-5. 13. 7 (?). 
Plate IV, Figs. 2, 4 

Taeniopteris newberriana Fontaine and I. C. White, Permian, or Upper 
Carboniferous Flora of West Virginia and Southwest Pennsylvania, p. 91, 
plate 34, figures 1-8, 1880. 

Numerous spécimens ia the collection are so close to Taeniopteris 
newberriana that their référence to that species, at least for the 
présent, seems advisable. There are numerous individuals, but 
ail more or less fragmentary. Owing to the thin texture of the 
frond the line of cleverage in the matrix is not sufBciently marked 
to expose it completely as in the last species. In this character of 
a very thin frond our spécimens differ very markedly from the types 
of the species, which are described by the authors as rather thick 
and coriaceous. The fact that the matrix is différent in the two 
cases, ours being preserved in limestone, while theirs were in 
shale, may account in part for this, and possibly for other seeming 
différences. The nerves are figured by the authors as leaving the 
rachis at right angles, but in the description they say that the 
latéral nerves leave **the midrib at a right angle, or with a very 
slight arch immediately at the insertion/' In our spécimens the 
veins near the apex of the frond leave the midrib at right angle, 
those near the middle with a slight arch immediately at the inser- 
tion, and those near the base with a more decided arch at the 
insertion. In the figures of the types the veins are represented as 
coming out at right angles from the rachis throughout the entire 
length of the frond, the base as well as the apex. No spécimens 
hâve been found in the Kansas formation with the peculiar seg- 
mentation characterizing many of the Virginia spécimens. Thèse 
two characters — différence in the origin of the veins, and absence 
of the segmented frond, may prove to be spécifie différences 
separating our species from Fontaine and White's. The présent 
référence is intended as suggestive rather than final. In other 
respects Fontaine and White's description of the venation, * daterai 
nerves very fine, closely placed and immersed in the parenchyma 
of the frond," entirely agrées with our species, as does also their 
description of the size and shape of the frond, ''frond, simple^ 
elongate, narrowly eliptical, tapering slowly to the apex and base." 
The largest frond of our spécimens are 17 to 23 mm. wide, probably 
not less than 20 cm. long; the Virginia spécimens are 2j^ cm. 
wide, and hâve an estimated length of 20 cm. 

Fontaine and White compare the species to T, coriacea, It 
differs from spécimens of that species from the same locality, in a 
larger and much thinner frond, finer and more numerous veins^ 
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more nearly at right angles to the rachis. The two species are 
usually easily separated on thèse characters, but between the larger 
fronds of T, coriacea and the smaller of T. newberriana as repre- 
sented in the Kansas Permian, the dividing line is sometimes by 
no means clear. 

The species may be compared in venation to T, jejunata Grand' 
Eury» but this latter species is described as having a pinnate 
frond, of which the ultimate pinnae hâve a somewhat cordate base. 
T, newberriana has a simple frond gradually reduced to a petiolate 
base, as shown both by the Virginia and Kansas spécimens. 
Professor Potonié, Die Flora des Rothliegenden von Thuringen, 
p. 145, includes in the synonomy of T. jejunata^ ^^T, newberriana 
Font, and White ex parte" and cites plate XXXIV, figures 9, 9a, 
of the Permian Flora, but the figures referred to are not of 
T, newberriana^ but of T, lescuriana F. and I. C. W. 

The horizon from which the types of T. newberriana were de- 
scribed hâve been variously regarded as Permian and Permo- 
Carboniferous. Professors Fontaine and White in their treatment 
of the flora argue strongly for its Permian âge. 

Taeniopteris sp. Plate I. Fig. 14. 

I figure hère the apical part of a frond which is, probably, différ- 
ent from either of the other species. The venation has much the 
same character as that of T, coriacea^ but the frond is evidently 
much larger. On the other hand the veins are very much more 
oblique than those of T. newberriana, The veins are thin and 
close, and the dots between the veins small and numerous. 

Internèural Bodies on the Fronds of Taeniopteris. 

The internèural bodies referred to in the introduction occur on 
some spécimens of each species and variety of Taeniopteris in the 
collection. They are small, oval, résistant bodies, situated be- 
tween the veins, half immersed in the epidermis of the frond, 
nearly globular in shape, some smooth on top, but more often 
showing a slit across the top or side very suggestive of the slit for 
the discharge of spores in many eusporangiate ferns. The slit, 
apparently, has no regular position on the bodies; it is sometimes 
actoss the top, sometimes on the side, sometimes parallel to the 
direction of the veins^ or again transverse to the veins. The 
bodies, when removed from the epidermis leave a cup-shaped 
cavity. In many of the cavities there is a cast of thé slit, indicat- 
ing that many of the bodies hàd the break turned down, and 
doubtless many of those appeating smooth on top are slit below^ 
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Some of the sporangia(?), however, are certainly not slit in tbe 
manner described. One spécimen of T, newbtrriana having many 
o( the bodies preserved, has none showing the slit, and when re- 
moved and mounted they are seen to be round and entire. If we 
accept the hypothesis that the bodies in question are sporangia, 
the absence of the cleft in this spécimen would naturally find ils 
explanation in the supposition that the sporangia are not yet 
mature. 

The size and number of the sporangia seem to be characters of 
spécifie value. On the group of spécimens which I hâve referred 
to, T. coriacea, they are proportionally large, readily visible to the 
eye, more distant and fewer than in the other species. The bodies 
between the veins of T, newberriana (/) are smaller — although the 
frond is larger — doser together, and scarcely visible without the 
aid of a lens. 

When the matrix holding the spécimen is opened some of the 
bodies always adhère to one side and some to the other, so that 
either side of the spécimen shows some in place and casts of others. 
Under a lens the bodies show distinctly. Examined under a high 
power with reflected light the détails seen with the lens come out 
more definitely, the bodies appearing bright yellow in contrast with 
the dark substance of the frond Figures 4 and 5, plate I, are 
sporangia(?) taken from a spécimen of T, newberriana (/) showing 
slits, one across the top, the other across the side. Figures 10 and 
II show two bodies taken from T, coriacea^ and figure 12 a cast. 
AU enlarged thirty diameters. 

The bodies may be readily removed from the frond and imbedded 
and sectioned by grinding. On touching the epidermis with 
moulding wax many of them adhère and may be transferred to tlie 
desired média for sectioning. The author used for this purpose, 
hardened balsam and sealing wax. Of the numerous sections made 
none showed conclusive évidence of cellular structure — the one 
remaining point necessary to prove that the bodies are sporangia. 
Irregular markings resembling cell walls are often seen, but noth- 
ing definite. Thin sections under a high power appear minutely 
granular with redish-yellow granules. Chemical test shows the 
présence of iron, and other appearances suggest iron oxide as their 
probable composition. 
Analoffous appearances in other fir^nera of plants— Nilssonia. 

Some species of Nilssonia Brong., a Mesozoic genus referred to 

the cycads by some authors, to the ferns by others, hâve dots be- 

•tween the veins very suggestive of tbose of Taeniopteris,. The dots 
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on Nilssonia polymorpha Schenk are described as small, situated at 
approximately regular distances apart, between the veins. The 
dots of this species hâve been variously regarded by différent 
authors. Schenk regarded theni as the remains of sori and accord- 
ingly referred the genus to the ferns. ^ Saporta considered them 
more like fungi and referred the genus again to the cycads. ^ 
Count Solms Laubach, Fossil Botany, p. 140 (Balfours transla- 
tion), in summing up the évidence considers Schenk's view more 
probable than Saporta's, and therefore treats of the genus artiong 
the ferns. Later authors hâve generally referred the genus to the 
cycads. Another interesting point of analogy between those spéc- 
imens of Nilssonia polymorpha having unsegmented pinnae and the 
Taeniopterids under considération is the striking similarity in thè 
shape and venation of the apical part of the frond. In both the 
midvein is reduced to a mère line, but continues to the apex, the 
latéral veins are arched upwards, with numerous dots between 
them. 

Neuropteiis. 

A spécimen of Ncuropteris in the Lacoe collection of the United 
States National Muséum, which Dr. White had the kindness to 
show me, has dots between the veins very suggestive of the oval 
bodies between the veins of our spécimens of TaeniopUris. Dr. 
White is inclined to regard thèse dots as glands. The species is 
described in an unpublished manuscript of Lesquereux, which Dr. 
White is now editing. 

Alethopteris. 

Andrews described in Vol. II, pal. Geol. Surv. of Ohio, p. 421, 
pi. 50, figs. 3-3b, a species from neat the base of the coal measures 
of Ohio,^under the name Alethopteris maxima And., which has nu- 
merous small dots between the véins. Andrews regarded thèse as 
probably dots of iron oxide. Lesqueteux, Coal Flora, p. 187, re. 
fers to them as "remants or thè base of scales similar to those often 
seen upon leaflets of species of Acrostiehum. '^ 

Mesralopteris 

Dots occur between the veins of M, Harttii And. and M, dentata 
in the muséum collection, from Rushville, Ohio, very like those 
on Taeniopteris, 

1 Die fossUe Flora der Grenxschlchteii des Keupers uiid Lias Frunkeiis. ISCK. 
'Z Paléontologie française, ser. 3, végétaux, vol. 2, 1875. 
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Other speoies of Taeniopteris. 

Newberry figures the apex of a frond' with the folio wing expia- 
nation of the figure: ** Taeniopteris s^,{l) in fruit; summitof frond, 
Los Broncos, Sonora." The formation is considered Triassic. 
The spécimen is not mentioned in the text. The figure is indis- 
tinct, but the dots seem to be small, close, and placed much as in 
our spécimens, and are very probably the same. 

Dots of the character of most of those mentioned above, whether 
glandular or fungal, or the bases of scales, if sought for will prob- 
ably be found on many other species and varions gênera. Re- 
cently I hâve noticed very similar dots between the veins of an 
Alethopteris from Lansing, Kansas, probably A, serlii (Brong. 
Goep. 

If the dots between the veins of ail thèse varions gênera are the 
same as those on Taeniopteris the possibility of their being fructifi- 
cation is practically excluded. It is scarcely possible for gênera 
differing so widely in form and geological position to hâve fructifi- 
cation so very similar. Two characters, however, are to be noted 
on Taeniopteris not présent on any of the others: the dots are in the 
form of hard résistant bodies, which can be removed and sectioned, 
which seems not to be the case in any of the other gênera; sec- 
ondly, the slit in the -bodies remains unexplained on any other 
theory than that thèse are sporangia and the slit the line of cleav- 
âge for the discharge of spores; to which might be added a seeming 
différence in the size and arrangement of the bodies on the différ- 
ent species. It might be argued against such an hypothesis that 
no genus of ferns is known in which the sporangia are placed be- 
tween, and having no direct connection with the veins. In many 
gênera they are placed between the forks, or at the ends of the 
veins, but always, so far as I hâve been able to learn, in direct 
connection with this source of nourishment. Such an arrangement, 
however, might not be impossible on a primitive fern. The soli- 
tary and distantly separated sporangia!^?) are not peculiar to this 
genus. Several fossil gênera are known in which the sporangia 
are often or regularly solitary; in the living genus Angiopteris the 
sporangia are independent of each other. 

With the incomplète évidence at hand, especially in the absence 
of structual characters, no positive conclusion is possible, and the 
question is best left open for the présent. The appearance is cer- 
tainly very suggestive of sporangia, and in this journal, January, 

1 Exploring expédition from Santa Fe to the Junction of the Grand and Green rlvers, 
1859, Macomb. Geological report by Newberry, pi. 8, flg. 5. 
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1900, the author referred to them as apparently representing a new 
type of fructification. Unfortunately the positive proof is still 
lacking. 

Sears on or near the Rachis of Taeniopteris. 

Several spécimens of this genus bear on or near the rachis,. 
elongate-elliptical scars, resembling very closely those of Macrotae- 
niopteris magnifolia (Rogers) Schimper as described and figured by 
Professor Fontaine in his Monograph on the Older Mesozoic Flora 
of Virginia, p. 18, pi. 4, figs. i and la. Two scars are seen in 
succession on the rachis of T. newberrianay pi. i, figs. i and la. 
Professor Fontaine's description is taken from the dépression, while 
in this spécimen the scars project. The counter impression in 
wax seems to agrée in every particular with his description of 
"elliptical dépressions surrounded by a raised fine, which, sweep- 
ing sharply around the ends of the dépressions, continues double 
until a divergence takes place to embrace the next dépression." 
Near the apex of the same spécimen a third scar occurs on the 
middle of the rachis. Another fragment of this species, figure 2, 
plate IV, has two scars of the ordinary size on the midrib and a 
third smaller one between thèse two and at the side on the lamina, 
about one-half mm. from the midrib. The scars on 7". coriacea are 
very distinctly marked. Figure i, plate III, shows a string of 
them on the rachis very suggestive of Fontaine's figure. Two 
other spécimens hâve a plainly marked row of scars on the rachis. 
The scars hâve no regularity of size, distance apart, or position on 
the rachis. In this respect they resemble Rogers' original descrip- 
tion for those of Macrotaeniopteris magnifolia in which he says that 
the scars are placed at unequal intervais, and at rather varying 
distances from the midrib, and not unfrequently on the midrib 
itself. 

A comparison of the scars born on the rachises of the two species 
on which they occur has failed to bring out any constant différences 
between them in arrangement, structure or position. They are of 
various sizes, from very small, one-half mm. or less, to five mm. 
long, about one mqi. wide. The shape is seemingly constant, 
elliptical with the longest axis parallel to the rachis. The depressed 
space around the scar, * 'raised line" of Prof. Fontaine's descrip- 
tion of the counter dépression, is always présent, sometimes com- 
paratively broad and well marked. 

Professors Rogers and Fontaine regarded the scars of MacrO' 
taeniopteris magnifolia as probably the bases of sori. But their 
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présence on another genus, Taeniopieris^ with additional évidence 
of their irregularity of arrangement, size, distance apart, and their 
position on the rachis — an unusual place for fem fructification — ail 
argue strongly against such a conclusion. But there is more satisfac- 
tory évidence at hand that the scars can not hâve anything to do with 
fructification. Â spécimen of Glenopteris splendens Sellards, from 
the same locality, has an identical scar on the rachis, as noted in 
the description of that species, Kans. Univ. Quart., Vol. IX, No. 
3, p. 184^ A second scar occurs on the rachis of another spécimen 
of the same genus, the species scarcely determinable, but probably 
the same. Glenopteris is a very différent genus from Taeniopieris 
and can hardly be thought of as having the same fructification. 

The présence of the scar on three gênera and several species 
indicates that they are not the resuit of any accidentai injury to 
the plant. It is difficult to make out with any degree of certainty 
what they are. They resemble some fungi rather closely.* The 
possibility that they may be the resuit of pathological growth due 
to the sting of an insect naturally tuggests itself and, indeed, seems 
very possible. 

Figure a, plate II, shows another set of markings, this time 
entirely on the lamina. They are elongate, or ovate-elongate, with 
the long axis parallel to the nerves, of varying size from very small 
to 5 or 6 mm., close or distant, project sensibly from the frond, 
usually with the carbonaceous layer rubbed où of the top. Some 
of the smaller ones are uninjured, and seem to show an elevated 
border with a depressed center. Thèse scars are very suggestive 
of the work of the fungi. 

The scars hâve an added interest because of their resemblance 
to scars on the type spécimens of Taeniopieris newberriana from 
West Virginia, which Professors Fontaine andl. C. White regard as 
the basis of the sori. In the West Virginia spécimens the scars are 
placed in a single row along each side of the midrib, and the frond 
is divided into segments by deep obtuse sinuses. Nothing of the 
segmented character has been observed on our spécimens, and the 
large scars are more commonly on the midrib. Thèse authors, 
however, compare the scars to those on MacrotçLeniopieris magnifolia 
to which ours are very closely related. They say, Permian 
Flora, p. 93, '*Macroiaeniopieria rogersi Schimper of the Rich- 
mond coal field, contains, on spécimens in our possession, 
elliptical dépressions strikingly like the dépressions seen on 
this plant, and shown on plate XXXIV, figure 3. In the speci- 
mtn from the Richmond coal the dépressions are larger, and are 
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pUeed in one row en the midrib. Professer Wm. B. Rogers, 
however, in bis description of tbe plant, says tbat they often occur 
in two rows, one on each side of tbe midrib." It cannot be 
affirmed that tbe scars on our spécimens are tbe same as tbose on 
Fontaine and Wbite's spécimens, but it would seem from their 
relations that they are at least of tbe same nature, and probably 
bave no connection with fructification. 

Dr. David Wbite bas had tbe very great kindness to look over 
tbe manuscript and illustrations of this genus, except figure la, 
plate I, wbicb bas been added. Dr. Wbite gives it as bis opinion 
that tbe racbiai pits are fungi, and suggests a comparison with tbe 
genus RosellinUes Pot. 

Tbe comparison to insect stings was sugested to me originally 
by the close resemblance of tbe scars to tbe stings on tbe common 
Amorpha fruciicosa (false indigo), said to be made by some of tbe 
orthopteroid insects, a isupposition wbicb tbe more recently dis- 
covered présence, among tbe plants, of two well preserved ortbop- 
terous insects may be taken to strengtben. Tbe scars on this 
sbrub are certainly similar in arrangement and sbape to tbose on 
the fern rachises, although somewbat larger. Tbe resemblance 
may of course be entirely superficial. 

The suggested comparison with fungi is good, although I am 
inclined to tbink the comparison doser with tbe genus Hysterites 
than with RosellinUes, Quite recently I bave found on a fragment 
of Cordaites from University Hill, Lawrence sbales, Lawrence, a 
fungus related by its form, position, and tbe host on wbicb it is 
borne, to some species of Hysterites^ as H. cordaites^ and at tbe same 
time so similar to tbe objects in band as to suggest a close relation. 
A close examination of the rachial pits reveals tbe présence on two 
of tbem of elongate dépressions at the center suggesting tbe cleft 
in the living genus Hysterium — to wbicb Hysterites is compared — or 
tbe related Hysteriographium, Tbis character is represented in the 
detailed figure la, plate I. If tbis figure had been made at the 
time Dr. Wbite saw tbe plate, I am inclined to tbink be would 
bave suggested Hysterites as well as Rosellinites^ or possibly instead 
of tbat genus. Tbe type species oi Rosellinites, R. beyschlagii Pot, 
as described and figured by tbe author, Flora des Roth., p. 37, 
plate I, figure 8, is irregular in sbape, varying from circular to 
elliptical or egg-shaped, running together in irregularly formed 
masses; the scars on the fern rachises are symmetrically elliptical, 
and do not show tbe various irregular enlargements seen on 
RûSillinitis beyschlagii. 
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Thèse scars merit a more careful and extensive comparison with 
living and fossil forms than I bave been able to give them. Among 
afew living fungi with which I bave had the opportunity of making 
comparison, HysUrtiographium vulvatumy kindly loaned me by 
Professer Barber, may be mentioned as having conceptacles shaped 
like the scars in question, with a central cleft that niight be con- 
sidered homologous with the depressed center of the scars. I bave 
not noticed anything in the living species that seems to represent 
the depressed canal, "raised Une," in Professor Fontaine*s descrip- 
tion. 
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On the Group of 216 Collineations in 
the Plane. 



BY H. B. NEWSON. 



§1. Introduction. 

The group of 216 collineations in the plane was discovered by C. 
Jordan and treated by him in Crelle^ BandSj^, pp. 89-215; and dis- 
cussed again by him in Af/i délia Reale Accademia di Napoliy Tome 
8 (1879). This group has been further studied by Maschke in 
Math, Annaleriy Band 33, pp. 324-330. This paper by Maschke is 
the standard référence on the subject. 

The object of the présent paper is to study the géométrie prop- 
erties of the group and its sub-groups with respect to a pencil of 
cubic curves through nine points of inflection; to détermine the 
types of collineations entering into the group; to détermine the 
order of each transformation and the position of the Invariant tri- 
angle in each case. 

§2. The Pencil of Cubics, x3+y»-i-zî»+6mxyz=o. 

The theory of the group of 216 collineations in the plane is so 
intimately related to the theory of a pencil of cubics through nine 
points of inflection, that a résumé of certain properties of such a 
pencil is a necessary preliminary to the study of the group. 

If m is a variable parameter, the équation, 

X* +y 3 -fz' -f6mxyz=o, ( i) 

represents 00^ cubics having nine points of intersection which are 
points of inflection on ail cubics of the pencil. 

From any point P on a cubic C four tangents can be drawn to C 
exclusive of the tangent at P. The cross-ratio of thèse tangents is 
constant for ail points on the curve and is différent for différent 
curves of the pencil. This cross-ratio k is absolutely unaltered by 
projection, and hence two cubics can not be linearly transformed 
into each other unless they hâve the same absolute invariant k. 
The value of k in terms of m is given by the équation 

(13) KAN. UNIT. QUAB., YOL. Z, NO. 1, JAN., 1901, 8BRIB8 A. 
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(k«_k+i)3 64m3(m3_i)3 



=*(k). (2) 



[(k+i)(k— 2)(k— i)]« (8m«+2om3 — 1)« 

For any given value of k this is an équation of the twelfth degree 

in m; hence there are twelve cubics in the pencil, ail having the 

same cross-ratio k. Given any cubic of the pencil it can be pro- 

jected into itself and into only eleven other cubics of the pencil. 

^Expanding équation (2) we hâve 

(3) 
64(1— <^)mi»— 64(3+5<^)m» + 192(1— 2<^)m«— 8(8— 5<^)m'—<^=o. 

The solution of this équation dépends upon that of a quartic; its 
roots may be written mi, ami, a*m|, (i^ i; 2, 3, 4) and a' — i. Hence 
our set of twelve is composed of four sub-divisions of three cubics 
each. 

For certain spécial values of k our System of twelve cubics re- 
duces to a smaller number. Thus when k== — a or — a* we hâve 
m— o, i,a,a*; hère the three cubics of each sub-division hâve coin- 
cided and our twelve cubics hâve reduced to four. Thèse four 
cubics are called the equianharmonic cubics of the pencil. Their 
équations are 

(i) x^-f y3_|-z3-=^o, 

(2) x*+y3+z3+6xyz^o, 

(3) X»+y3+z3+6aXyZ::::rO, (4) 

(4) x5+y3-f-z3-(-6a*xyz=^o. 

When k=^ — i, 2, \, the twelve values of m reduce to six; viz: 



m = 



Thèse six cubics are called the harmonie cubics of the pencil. 

When k=i, o, 00, we hâve m=oo , — J, — Ja, — Ja«. Thèse four 
cubics are characterized by the common property that each of 
them breaks up into three iinear factors. Thus 

(i) xyz=o, 

(2) x^+y^+z^ — 3xyz_^(x+y-f z)(x+ay-f-a*z)(x+a'y-f az)r7ro, 

(3) x3+y3+z3— 3axyz--(ax+y+z)(x+ay+z)(x+y+az)=o, (5) 

(4) x3+y3+z3— 3a«xyz^^(a«x+y+z)(x+a2y-|-z)(x+y+a«z)=ro. 

Each of thèse degenerate cubics consists of three straight lines 
which form a triangle, one of them being the triangle of référence. 
They are the inflectional triangles of the pencil of cubics. 
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Between thèse four degenerate cubics and the four equianhar- 
monic cubics there exists a very simple relation. Eacb equianhar- 
monic cubic is gotten by taking the sum of the cubes of the linear 
factors of the corresponding degenerate cubic. Thus, for example, 
we hâve 

3fx3 }y3-f-z3+6xyz):=:(x+y+z)3 + (x+ay4-a«z)' 

+ (x+a«y+ax)3. (6) 

The coôrdinates of the nine points of inflection of the pencil of 
cubics is best found by eliminating between x^-{-y^ -\~z^=^o and 
xyz— -0. They are as foUows: 

(I) o, I, — i; (2) O, a, — i; (3) o, i, —a; 

(4) —I, o, i; (5) —I, o, a; (6) ~a, o, i; (7) 

(7) I, —I, o; (8) a, —I, o; (9) i, —a, o. 

The harmonie polars of thèse nine points of inflection are given 
by the foUowing équations: 

(i) y— z=:o, (2) a«y— z=o, (3) ay— z=o, 

(4) z— x=o, (5) a^z— x=o, (6) az— x=o, (8) 

(7) X— y=o, (8) a»x— y=o, (9) ax— y=^o. 

Each of the inflectional triangles intersect the pencil of cubics in 
the same nine points; hence the nine points of inflection lie three 
by three on twelve right lines. Each harmonie polar passes 
through a vertex of each of the four inflectional triangles; hence 
the twelve vertices of the inflectional triangles lie four by four on 
nine right lines. 

The vertices of the four inflectional triangles may be designated 
by Ai, Bj, Q, (i==i, 2, 3, 4). The coôrdinates of thèse twelve 
points are as follows: 



I. 0, 0, 

i.-î 0, I, 0, 




I, I, I, 




a^ 


I, I, 




a, I, I, 


2. - 


I, a^ a. 


3- 


I, 


a«, I, 


4- ^ 


I, a, I, 


0, 0, I. 




I, a, a«. 




^I, 


I, a«. 




I, I, a, 



(9) 
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§3. The Group G216. 

It is a well knowa fact* in the theory of plane cubics that every 
non-singular cubic C can be projectively transformée into itself in 
eighteen différent ways and that thèse eighteen collineations form 
a group G, 8 which also transforms into itself every cubic of the 
pencil C-t-6kH=o. We shall investigate this group in détail in 
the next section, but hère we wish to make use of the generally 
known fact. 

It was shown in §2 that a cubic C is one of a set of twelve cubics 
Cl (i=i .... 12) which can be projectively transformed into one 
another. Since each cubic of the set may be transformed into 
itself in eighteen différent ways, we infer that each cubic of the set 
may also be transformed into any other cubic of the set in eighteen 
différent ways. If this be true, there are 12.18 transformations 
which leave invariant the set of twelve cubics. Thèse 216 colli- 
neations form a group G^^g. 

The configuration of four equianharmonic cubics, four degenerate 
cubics and six harmonie cubics — shown in §2 — is analogous to a 
tetrahedron which bas four vertices, four faces and six edges. Ac- 
cordingly the structure of the group Gg,ç is analogous to the 
structure of the tetrahedron group G,,, which we assume as 
known. To the identical substitution in G,| corresponds the 
group Gj8 ^^ ^ii9' To the four sub-groups G 3 in G, g, each 
leaving a vertex and opposite face invariant, correspond four sub- 
groups Gj^ in Gj^g, each leaving invariant a degenerate and an 
equianharmonic cubic. To the three sub-groups G, in G, g, each 
leaving invariant a pair of opposite edges, correspond three sub- 
groups Gjg in Gjjg, each leaving invariant a pair of conjugale 
harmonie cubics. To the invariant sub-group G^ in G,, corres- 
ponds an invariant sub-group G,, in Gg,g. 

We shall now take up the study of thèse sub-groups of G^ j , and 
examine into their structure and détermine the properties of the 
individual transformations found in them. We shall détermine in 
particular the order and the invariant triangle of each transforma- 
tion occurring in Gj^^. 

§4. The Group Gis. 

The harmonie polar 1 of a point of inflection I is characterized 
by the following property: Every line through I cuts the cubic. C 
in two other points P and Q and 1 in L. The cross-ratio of 

♦Olebsch, Vorlesungen ueber Géométrie, I, S. 512. 
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(ILPR)= — I. If, therefore, we set up a perspective transforma- 
tion of order 2 having I for its vertex and 1 for its axis, it will 
transform C into itself. 

Take the point of inflection (o, i, — i) and its harmonie polar 
y — z=o; choose any two points on this lineas (o, i, i) and (i, i, i). 
The single cross-ratio of this transformation is k= — i. The équa- 
tions of the transformation may be written down by means of the 
following formulas:* 



px,= 



X y z 








X 


y z 


A B C A 






A B C B 


A, B, C, kA, 


} 


pyi= 


A, B, C, kB 


A, B, C, k'A, 






A, Bg C, k'B 




X y 


z 






A B 


c C 




pz,= 


A, B, 


C, kC, 


• 




A, ] 


B, 


C, k'< 


■'« 





(10) 



Substituting in thèse formulas the above values of A, B, etc., and 
making both k and k' equal to — i, thèse reduce to 



X,=PX, 

z,=y. 



(II) 



There are nine transformations, one for each point of infiection; 
they may ail be written down by means of the same gênerai for- 
mula. Three of them will be real and six imaginary. If we make 
any one of thèse nine substitutions in the équation of the pencil of 
cubics, we find that every cubic of the pencil is transformed into 
itself. 

Again, let us take a transformation whose invariant triangle is 
the triangle of référence and whose cross-ratios are k and k'. 
Writing down the équations of this transformation by means of 



formulas (10) we find 



(Xi==x 

•<yi=ky 
(zi=k'z. 



Making this substitution in the 



équation of the pencil of cubics we get 

x^+k3y5-[-k'3z5-}-6mkkxyz=o. 



•K. U. Quarterly, vol. vlll. pp. 45-66. I hâve recently found tbat tliese formulas were 
prevlously fflven ID nearly the same form by Prof. G " ' * "" "' ' ' « — 
â< Circolo McU^matico di PdUrmo, Tome viU, pp. 41-54. 



ven ïn nearly the same form by Prof. Gabriele Torrelli In the Rendiconti 
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Every cubic of the pencil will be transformed into itself when 
k^— _i, k'3 r: I, and kk'==:i. Thèse relations are satisfied by k— a 
and k'--a^ or by k -a* and k'— a. Thus we hâve two transfor- 
mations 

x^-=x x^=^x 

yj=ay and y,— a^y (12) 

Zj=a^Z Z|=aZ 

of this kind which transform every cubic of the pencil into itself. 
Thèse are a pair cf inverse transformations and each of period 3. 

In like manner it may be sliOwn that each of the other inflec- 
tional triangles is the invariant triangle of a pair of transformations 
of period 3, such that they transform every cubic of the pencil into 
itself. In this way we find eight transformations of this variety. 
The équations of thèse eight transformations may be written down 
by means of formulas (10), making use of the values given in (9). 
Thèse équations are as follows, numbered according to the tri- 
angles: 




y> 


z 




>^' ^ 


z, 


x; 


3- 


/ aZ, a*X 


X, 


y 




(a«X, ay 



[.^ a^Z, ax . (13) 
a^Z, aZ ( X, y ( a*X, ay ( aX, a*y 

Thèse eight transformations, together with the nine perspective 
transformations given above, and the identical transformation con- 
stitute a group G, g, every transformation in which transforms 
every cubic of the pencil into itself. The fact that thèse eighteen 
transformations form a group may be verified by applying the test 
of forming ail possible résultants. There are no other transforma- 
tions possessing this property, 

It is évident from the character of the transformations contained 
in Gjj^ that the group contains four cyclic sub-groups of order 3 
and nine cyclic sub groups of order 2. G^^ aiso contains a sub- 
group Gg of order 6 and one G^ of order 9. Thèse are given as 
follows: 

x,r^x, X, z. y, y, z, 

^'0" yi-y» z> y> x, z, x,=--G3+3G2. (14) 

z^=:=z, y, x, z, X, y, 

Ail transformations of this group are real; one is of order i, thrce 
of order 2 and two of order 3. The group G^ is as follows: 

x,=ix, X, X, y, z, y, z, y, z, 
Gg^:y,=y, ay, a^y, z, x, az, a^x/a^z, ax.H^4G3. 
Zj=Z, a*Z, aZ, X, y, a^X, ay, aX, a^y, 



Digitized by 



Google 



NEWSON: COLLINEATIONS IN THE PLANE. IQ 

This group contains one transformation of order i and eight of 
order 3. 

Theorcm i. — Every transformation of the group G,j« transforms 
into itself every cubic of the pencil C~\ 6mH=o, where H is the 
Hessian of C; G, g contains (i) one transformation of order i, (2) 
nine transformations of order 2, (3) eight transformations of order 
3. Thèse are as follows: 

(i). The identical transformation. 

(2). Each of the nine points of inflection and its corresponding 
harmonie polar are the vertex and axis respectively of a perspective 
transformation of order 2. 

(3). Each of the four inflectional triangles is the invariant tri- 
angle of a pair of inverse transformations of type I and order 3. 

§5. The Group G54 (1). 

As remarked above, the group Gg^g contains four sub-groups 
^64(0» (*=^^> 2» 3» 4)» °"^ ^^^ each equianharmonic cubic. We 
begin with the most simple one, which has for invariant figure the 
triangle oi référence xyz=o and the cubic x^ -\-y^-\-z^=o. This 
group Gg^ contains, of course, the eighteen transformations of 
Gjg and hence thirty-six other transformations which we must 
investigate. 

Since x^ -\-y^ -\-z^ is an invariant of our group it is évident that 
the group contains ail transformations of the form of those con- 
tained in G, g, where x, y, and z are interchanged in ail possible 
ways and combined with the coefficients a, a*, a', in ail possible 
ways which give rise to différent tra'nsformations. We can readily 
Write down a table of ail such transformations, and we find that it 
contains just fifty-four transformations and no more. Thèse, then, 
constitute the group Gg^. The table is as follows, in which the 
number placed above each formula indicates the order of the 
transformation: 
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I 


3 


3 


3 


3 


3 


3 


3 


3 


x,=x, 


X, 


X, 


a«X, 


ax, 


X, 


X, 


X, 


X 


y,=y. 


.«y. 


a«y, 


y. 


y. 


a«y. 


«y. 


y. 


y 


Z,=Zi 


a«y, 


az, 


z, 


z, 


z, 


z, 


a»Z, 


az 



x,=x, 


X, 


X, 


a»X, 


ax, 


X, 


X, 


X, 


X 


y,=z, 


OZ, 


a«Z, 


Z, 


Z, 


a«Z, 


OZ, 


z, 


z 


z,=y, 


a*y, 


oy. 


y. 


y. 


y. 


y. 


a«y, 


ay 



x,=z, 


z, 


z. 


a«Z, 


aZ, 


z, 


z, 


z, 


z 


yi=y» 


«^y» 


a'y. 


y. 


y» 


a«y, 


«y» 


y> 


y 


z,=x, 


a*X, 


ax, 


X, 


X, 


X, 


X, 


a«X, 


ax 


2 


2 


2 


6 


6 


6 


6 


6 


6 


x,=y, 


y» 


y. 


a»y, 


«y» 


y» 


y» 


y» 


y 


yi=x, 


ax, 


a«X, 


X, 


X, 


a«X, 


ax, 


X, 


x 


z,=z, 


a»Z, 


az, 


z, 


z, 


z, 


Z, 


a«Z, 


az 


3 


3 


3 


• 

3 


3 


3 


3 


3 


3 


Xi=y, 


y. 


y. 


a'y, 


ay> 


y> 


y» 


y> 


y 


yi=z» 


aZ, 


a«Z, 


z, 


z, 


a^Z, 


aZ, 


z, 


z 


z,=x, 


a«x, 


OX, 


X, 


X, 


X, 


X, 


a«X, 


ax 


3 


3 


3 


3 


3 


3 


3 


3 


3 


x,=z, 


z. 


z, 


a«Z, 


aZ, 


z, 


z, 


z, 


Z 


yi=xr 


ox. 


o»X, 


X, 


X, 


a«X, 


tfX, 


X, 


X 


z,=y» 


a»y, 


<»y. 


y. 


y» 


y. 


y» 


a'y, 


ay 
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We observe that the eighteen transformations given in the first 
three columns of the table form the group Gjg discussed above. 
We shall find that of the thirty-six remaining transformations 
eighteen are of order 3 and eighteen of order 6; we shall further 
find that there are two distinct varieties of thèse transformations of 
order 3. 

We first consider the last six transformations of the first row of 



the table. Take first the transformation ^ y, =y; it evidently 

(z,=z 
leaves invariant each side of the triangle of référence. It may also 

be writtitn in the form J ay, from which we see that the cross-ratios 



along the sides y and z are each equal to a and that along x is 
unity. The transformation is, therefore, of type IV, the axis of 
invariant points being x=o; and the single invariant point or vertex 
being the point (i, o, o), the opposite vertex of the invariant tri- 
angle. This transformation is evidently of order 3; its inverse is 

ax 
also its square viz: J y. In like manner it is seen thatthe two inverse 




transformations -^ a'y, -{ ay, are also of type IV and of order 3, 

the axis being y^o and the vertex being the opposite vertex of the 
triangle of référence. A similar results holds also for the pair 

(x, |x 

•< y, -ly. We hâve thus found six perspective transforma- 

( a*z, ( ctz 

tions, each of order 3; thèse are easily identified with the last six 
transformations of the first row of the table. 

We next consider the fourth transformation of the second row of 
•x 
the table, vi^: ^ z. Calling it T we hâve, 



= 1. (15) 



The transformation T is therefore of order 6; T* and T* are of 
order 3 and T^ is of order 2. T», T', T* hâve been studied above 
and their characteristics are already known. 

T and its inverse T* are now to be investigated, Tbç invariant 






a»X, 


ax, 


X, 


a*X, 


OX, 


X, 


T=Z, 


T»=y. 


T»=z, 


T*=V, 


T»=z, 


T«=y. 


y 


z 


y 


z 


y 


Z 
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triangle of T is found by putting x^, y^, and z^ equal to x, y, and 
z respectively. We thus find that the sides of the invariant tri- 
angle are x=o, y — z=o, and y+z=o. Solving thèse équations we 
find the vertices of the invariant triangle to be A=(o,i, — i), 
B=(i,o,o), C=(o,i,i). Thus one vertex, A, of the invariant tri- 
angle is a point of inflection and the opposite side is its harmonie 
polar. One vertex of the inflectional triangle, xyz=o, lies on this 
harmonie polar, viz: (i,o,o); the opposite side, x=o, eompletes 
the invariant triangle. The position of the invariant triangle is 
thus eompletely determined. 

The cross-ratios along the sides AB, BC, CA of the invariant 
triangle are respeetively — a*, "a, — i. This may be verified by 
writing down the eross-ratios of the first six powers of T, assuming 
T to be given by —a», a, — i. Thus 



AB 



BC CA 



T=— a», a, — i; 

T«=o, a». i; 

T«=— ï, I, --i; 

T*=a«, a, i; 

T»=«a, a«, -i; 

T«==I, I, I. 



(I6) 



T» and T* are thus shown to be transformations of type IV and 
order 3, having an identical transformation along the side CA. 
T' js of type IV and order 2, having an identical transformation 
along BC. 

The transformation T may be written down by means of formulas 
(10) as foUows: 



px^ = 



X 


y z 









X 


y 


z 








I — I 






I 


— I 


I 


I 


— a* 


i 


>yt= 


I 











I I 






I 


I 


— I 






X y 


z 













• 


I 


—I 


— I 










pz,= 


I 








• 













I 


I 


T-î 
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.==a«X 



Hence we have pXj= — 2a*x, /oy,= — 2z, pz,=-— 2y; or 



(x,==a«î 
^y,=z. 

(z,=y 



(x,=a»y 

(Zi=x 

a«y, 
S= z, 

X. 



We have seen how the two transformations T and T* are related 
to the point of inflection A. In like manner there are two trans- 
formations of order 6 related in the same way to each of the nine 
points of inflection. We have thus eighteen transformations of 
order 6. Their équations may readily be found from their known 
invariant triangles by means of formulas (lo). Thèse eighteen 
transformations are ail given in rows 2, 3, and 4, of the table. 

There still remain to be investigated the twelve transformations 
found in the last six places in rows 5 and 6. Take, for example, 

=a»y 

=z and dénote it by S. Taking the powers of S we find 

a'z, z, a*x 

S*= X, or ax, S*=a*y=i, S and S* are thus of 
a»y, y, a»z 

order 3. We proceed to find the vertices of the invariant triangle 

x=a»y 
of S by solving the équations y=z. We find the coôrdinates of 

z=x 

the invariant points to be A=(i,X«,X*), B=(i,X»,X'), C=:(i,X»,X), 
where X is an irreducible gth root of unity. Since i-f-X*+^'=<>> 
it follows that thèse points ail lie on the cubic x'+y'+z'=o. It 
may easily be verified that the tangent to this cubic Â cuts the 
cubic again at B; the tangent at B cuts again at C; and the tangent 
at C cuts the cubic again at A. Hence the cubic is both inscribed 
and circumscribed to the triangle ABC. 

In order to détermine the number of such triangles both inscrib- 
ing and circumscribing the cubic, x'+y*-f-z'=o> we write down 
the tangent at the point x', /, z'; viz: xx'*+yy'*+zz''==o. If this 
passes through the point x", y", z", we have x"x'«+y'y*+z"z'*=o; 
and similar results for the other points. Thus we have six équa- 
tions, viz: 

x"x'»+yY*+z"z'«=o, x'»+y'»+z'8=o, 

x"V'« +y'"y"» +z"'z"«=o, x"» +y"» +z"»=o, (17) 

x'x'"« +y'y'"« +z'z'"«=o, x'"» +y'"« +z'"»==o, 

from which to détermine the coôrdinates of the invariant points. 
Thèse équations have eighteen solutions; hence there are six such 
triangles. The coôrdinates of thèse eighteen points are as follows: 
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\l, X», X' V, 
( I, X«, X ) 



I, X, X» 

I. X*, X» 
I, X'. X» 




( I, X», X* ) 

\ i, X», x^ y, 

(i, X», X ) 



I, X», X 
I. X», X* 
I, X», X' 




Each of thèse triangles is the invariant triangle of two transfor- 
mations of order 3. Thus we hâve twelve transformations of this 
variety. The équations of thèse twelve transformations may be 
written down by means of formulas (10). We give one example: 



px,= 



or 



IS 



X y z 









X 


y z 







I X X» I 






I 


X x« 


X 




I X' X» a 


t 


py,= 


I 


X' x» 


X'a 


f 


I X* X» o« 






I 


X* X» 


X*a» 






X y 


z 








I X 


X» X 






pz,= 


I X' 
I X* 


X» X»a 
X» X«a» 






t0pX,=3X(a— 


■a«)z 


-py 


,=3X' 


(a- 


■a«)x,pz, 


=3xn« 



')y 



=a»Z 
=X. 

=y 



The eleven others are obtained in like nianner. 



The (ollowing sub-groups o£ Gg^ may be noted: G^ is an in- 
variant sub-group; the nine transformations in the iîrst row of the 
table form a group Gj. This group leaves invariant ail three 
sides of the triangle xyz=o. The iirst and second rows of the 
table constitute a group xGjg, which leaves invariant the side x=o. 
In like manner the first and third rows and the ârst and fourth 
rows form groups yG,g and zG^g, whose invariants are respectively 
y=o and z=o. Rows i, 5 and 6 form a group G^,. 

§6. The Groups G64(i) (1=2,3,4). 

Having determined the structure and properties of the group 
G,^ (i) we can readily find from this the structure and properties 
of its équivalent groups Gj^Ci) (i=2,3,4). We shall first confine 
our attention to the group G|^(a). 
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The invariants of this group are the cubic and triangle (2) of 
équations (4) and (5) as foUows: 

(2) X» +y « +z» 4-6xyz=o 

and (18) • 

(2) (x+y+z)(x+ay+a«z)(x+a«y+az)=a 

The triangle and cubic (i) are transformed into triangle and cubic 
(2) by the transformation. 

T^y,=x+ay+a«x (19) 

Zj=x+a*y+az. 

Hence the group G^^ (i) is transformed into G^^ (2) by means of 
the transformation T. Thus we hâve TS,T-*=S,, where S, is a 
transformation of G^^ (2). By this opération the invariant points 
of the individual transformations in G^^ (i) are transformed into 
those of Gj4 {i), We shall now verify this for a few cases. 

The eighteen transformations of G, 3 are contained in Gj^ (2) 
and hence wé expect that the opérations symbolized by TG^^ T^^ 

will give us again G] 3. The transformation S==-< z leaves inyari- ' 

(y 

ant the point of inflection (o,t, — i) and its harmonie polar y — z=:o. 
The coôrdinates (0,1, — i) substituted in T give again (0,1, — i). 
From the form of T we hâve y — z=(a — a») (y — z). The opération 
TS|T-' gives S, as may easily be verîfied. 



Again take the transformation S=r^ ay whose invariant triangle 

•z 



;=rJay 
(a«2 

(1,0,0 (y 

is -J 0,1.0. The opération TS,T-i gives S' -( z; and the abovëco- '^ 
(o,o,x (x 

{1,1,1 • '■ 

i,a,a' as the invariant triangle 
l,o»,a 

of the new transformation. This is as it should bê (sce équation 
9). In this way it may be verified in détail .that Gjg is an invari^ -•• 
ant sub-group of G^^ (i;. 

(a»x 
The perspective transformation -( y, leaving invariant a vertex 

(2 
and opposite side of triangle (i), is transformed by T into a new 
perftpeétive transformation, leaving invariant a vertex and opposite 
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'Side of triangle (2). The vertex (1,0,0) and opposite side x=:t> of 
triangle (i) are transformed by T into (1,1,1) and x-f-y4-z=T), 
vertex and opposite side of triangle (2). Transforming this per- 
spective transformation by T we get 

pXi=ox+y+z 
TST-^=pyi=x+ay+r iao) 

pzi=x+y+ttx, 

which is likewise a perspective transformation of order 3. 

We next take the transformation designated by T in §5, viz: 

•l z. Call it S^ for convenience. Its invariant triangle was found 

(y 

{0,1,-1 (0,1,— I 

1,0,0. Substituting thèse values in T we get J 1,1,1 
0,1,1 (2,1,— I 

the vertices of the invariant triangle of the transformation TS^T-^. 
Performing the opération indicated by TS,T-^ we get 

px,=ax+y+z, 
TSeT-i=/,y,=x+y+az, (ai) 

pz^=x+ay+z, 

which is accordingly the transformation in Gj4 (2) corresponding 
to Se in G54 (i). It is easy to verify that TS^T-^ is of order 6 

(0,1, — I 
and that its invariant triangle is < 1,1,1. It should be remarked 



as 



{0,1, — I 
1,1,1. It 
2,— I— I 



that the point (0,1, — i) is a point of inflection, (1,1,1) the vertex 
of the triangle (2) which lies on the polar of (0,1, — i), and 
(2, — I, — I) is the intersection of the harmonie polar and the side 
of triangle (2) opposite (1,1,1). (See the discussion of the trans- 
formation S^ in §5.) In a similar manner the équations of the 
other seventeen transformations of order 6 in Gj^ (2) may be writ- 
ten down and their invariant triangles determîned. 

We corne finally to the considération of the twelve transforma- 
tions in G54 (2), corresponding td those in Gj^ (i) whose invariant 
triangles are both inscribed and circumscribed to the cubic (i). 

(a»y- 
Take, for example, the transformation S3 = -< z, the coôrdinates of 



e J i,X«,X'». 

• -{ i,x»,x; 



whose invariant points are ^ i,X',X''. (See §5.) The transforma- 
tion XS,!^^ «B found to be 
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/BXj=z+ay+z, 
TST-'=py,==a«x+a«y+z, \22) 

pZ,=a*X+ay+aZ. 

The coôrdinates of the vertices of the invariant triangle of TSjT^^ 
are found by substituting in T the coôrdinates of those of Sj. We 
thus fînd 

( i+x»+x*, iH-x«+x , I+x^-^x^ 

J i+X«+X\ i4X»+XS i+X'^+X , 
( i+X«+X , i+X«+X\ I+X8+XS 

as the vertices of the invariant triangle of TS3T ^ This triangle 
îs both inscribed and circumscribed to the cubic (2). There are 
six such triangles and their vertices may be found in a manner 
similar to the above. The équations of the twelve transformations 
corresponding to thèse triangles may be obtained by transforming 
the twelve corresponding transformations in Gj^ (i) by means of T. 
This complètes the discussion of the group G^^ (2). The groups 
G54 (3) and Gj^ (4) may be treated in a similar manner. The in- 
variant triangle xyz=ro of G^^ (i) is transformed into the invariant 
triangle of G54 (3) by the transformation 

pxj=ax+y+z, 
T,^yi=x+ay+z, (23) 

pZi=x+y+az, 

and into the invariant triangle of Gg^ (4) by the transformation 

pxi=a«x+y+z, 
Tg=py,=x+a»y+z, (24^ 

pZj=iX+y+a«z. 

Hence, if we change T into Tj in the above discussion, ail of the 
results thus obtained hold true for the group Gç^ (3); replacing T 
by Tj we get the corresponding results forGg^ (4). Thèse four 
groups G54(i) (i=i,2,3,4)contain 4.36+18=162 différent transfor- 
mations. 

Theofèm 2, — Every transformation of the group Ggg(i) (1=1,2,3,4) 
transforms into itself the inflectional triangle i and its correspond- 
ing equianharmonic cubic. Gg^Ci) contains . (i) the eighteen 
transfortfiations of G^ g, (2) six of type IV and order 3, (3) twelve 
of typfe I and order 3, eighteen of type I and order 6. 

(2). Each vertex and opposite side of the inflectional triangle i 
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are the vertex and axis respectively of a pair of inverse perspective 
transformations of order 3. 

(3). Each of the six triangles both inscribed and circumscribed 
to the equianharmonic cubic i is the invariant triangle of a pair of 
inverse transformations of type I and order 3. 

(4). Each of the nine triangles, k, (k=i . . 9), described below, 
is the invariant triangle of a pair of inverse transformations of type 
I and order 6. A point of inflection k and its corresponding har- 
monie polar form* one vertex and the opposite side of the invariant 
triangle; that vertex of the inflectional triangle i which is on this 
harmonie polar and that side of the triangle i which passes through 
the point of inflection k complète the invariant triangle. 

§7. The Group Gae (1). 

It was pointed out in §2 that the group G,^, contains three 
équivalent sub-groups Gj j(j) (j=i,2,3), one corresponding to each 
pair of harmonie cubics in the pencil C+6kH=o. We first take 
up the group G39 (i), which leaves invariant the pair of cubics 

given by m= ~"^ in the pencil x*+y*z*-f 6mxyz=o. 

We learned in §6 that the transformation 

pxi=x+y+z, 
T=pyi=z+ay+a«z, 
pZi=x+a«y-foz, 

transforms the cubic x«+y*+z«=o into x«+y*+z«-f 6xyz=o. If 
we make the substitution T in cubic (2) we ând that it is trans- 
formed into (i); thus T interchanges the two equianharmonic 
cubics (i) and (2). It may also be verified that T interchanges 
the equianharmonic cubics (3) and (4). If, however, we make the 
substitution T in the pair of harmonie cubics 

x«+y»+z*+6mxyz=o, {Tn= '^^^^^ ) (25) 

we fînd that both of thèse cubics remain invariant. Thus T is a 
transformation belonging to the group Gg^Cj), since it leaves invari- 
ant a pair of harmonie cubics. 

Since T interchanges the equianharmonic cubics (i) and (2), T* 
must leave both of them invariant; hence T' is a transformation of 

(x 
the group G,,. We readily ènd T*=^ z. We found in §4 that 



-if 
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the transformation -Izisa, perspective transformation of order 2; 

(y 

hence T is of order 4. T' is the inverse of T and is given by 

px,=x+y+z, 
T».^y,=x+a«y+z, (26) 

/BZ,=x+ay+a*z. 

The vertex of the perspective transformation T* is the point of 
inflection A=(o,i, — i), and its axis is the harmonie polar of A, 
viz: y — z=o. Hence the other two invariant points B and C of T 
are on the line y — z=o. To find B and C we proceed as follows: 
Assume the coôrdinates of B to be (i,a,a); thèse satisfy y — z=o. 
Substitute thèse assumed coôrdinates of B in T and we must get 
again (i,a,a). Substituting we hâve 

^Xj=i+2a 

py^=i+aa+aa«; (27) 

pz, =i+aa*+a* 

whence — ■ : ï=a; solving for a we find a= =:-L— . Since 

i+aa+aa* ** 2 

we hâve found two values of a, it follows that we hâve the coôrdi- 
nates of both B and C. The invariant triangle of T is therefore 

/o, I, — T 

given by ( ' 2 2 We may check the correctness 

V' 2 2 

of this resuit by using thèse values in formulas (10) along with 
k=i and k'= — i. We deduce thereby the transformation T. 

The invariant points B and C are somehow related to the har- 
monie cubics of équation (25). We readily find that the point B 
is on the cubic 

a:EEz tx^ "t } ' '^^-1^1 ' - )xyz=, 

and C is on the cubic 

b^x8-f y3 + z3-h 6(^=lî-ti£j\xyz=o. 

The six points in whicli the line y — z=o cuts thç two cubics a and 
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b are in involution, and the invariant points B and C, one on each 
cubiCy constitute the double points of the involution. The other 
two points on each cubic form pairs of points in the involution. 
The transformation T* evidently has the same invariant triangle 
as T. 

We hâve now seen how the two transformations T and T' of 
order 4 are related to the point of inflection A and the pair of har- 
monie cubics a and b. It may be shown in the same way that 
there are two transformations of order 4 related in the same manner 
to each of the nine points of inflection and the cubics a and b. 
The invariant triangle having one vertex at any given point of in- 
flection may easîly be found and the corresponding transformations 
written down by means of formulas (10). In this way we see that 
there are eighteen transformations of order 4, each of which leaves 
invariant the pair of harmonie cubics a and b. Thèse eighteen 
transformations, together with G, g, constitute the group Gj^ 
whieh we set out to investigate. 

§8. The Groups Gae (2) and Ga, (3) 

The three groups G3j(j) (j=i,2,3) are eqivalent sub-groups of 
G,,j and hence are similar in structure. Knowing the structure 
of G,^ (1) we infer at once the structure of the other two groups. 
Take the group whose invariants are the pair of harmonie cubics 



c; 
and 



^^x«+y»+z3+6a^— iii^)xyz=o. 
d=xs +y » +zs +6a(=^^=i^^xyz=o. 



The eighteen transformations of order 4 are distributed so that two 
of them correspond to each point of inflection. The invariant tri- 
angle of sueh a pair of transformations consists of a point of inflec- 
tion A and the pair of double points in the involution which the 
harmonie polar of A euts from the two cubics c and d. 

We shall hère follow out one example. Take the point of inflec- 
tion A=(o,i, — i); its harmonie polar is y — z=o. The double 
points of the involution eut from the cubics c and d by y — z==o are 

found to be B=i, a( ~^"^^^ y af"^"^^~' ^) and 
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B is on the curve d and C on c. By means of formulas (lo) we 
find the corresponding inverse pair of transformations to be 



px,=a«x+y+z 
pyj=ax-fy+az and 
pZj=ax+ay+z 



a*X + y+2 

ax+ay+z (28) 

ax+y+az. 



Ail other transformations of order 4 in this group may be obtained 
in the same way. 

The group G^^ (2) may also be obtained from G,, (i) by trans- 
forming the latter by some transformation that changes the har- 

monic cubics a and b into c and d. S^ek y is such a transforma- 



,^j";s 



tion. By substituting the coôrdinates of the vertices of the invariant 
triangles of Gjj (i) in S we obtain those of 0,^ (2). The opéra- 
tion STS'^ applied to the transformations of G3, (i) give those of 
G,. W- 

The group Gj^ (3) may be obtained in the same way from 

ra«x 
^3 6 (^) hy using the transformation-? y with the transformations 

(z . . 

of Gj^ (i); a detailed discussion is not necessary. 



Theorem j. — Every transformation of the group G3 j(j) (j=i,2;3) 
leaves invariant a pair of harmonie cubics j; Gj^Q) contains the 
eighteen transformations of G^ g ^^^ ^^^ eighteen others of type I 
and order 4. Each of the nine triangles formed by the point of . 
inflection k and the double points of the involution which. the har- 
monie polar of k cuts from the pair of harmonie cubics j is the 
invariant triangle of a pair of inverse transformations of type I and 
order 4. 

§9. The Group G72. 

The three groups Gj^CJ) (j=i,2,3) contains in ail fifty-four trans- 
formations of order 4. Thèse, together with the eighteen of the 
group Gj g, constitute the group G,,. This group G,, contains 
therefore no new transformations; accordingly we shall not con- 
sider this group at length. Thèse fîfty-four transformations of 
order 4, added to the 162 determined abovQ and found in the four 
groups Gj^Ci) (i=i,2,3,4), give the 216 transformations of G,, g. 
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§10. Conclusion. 

The transformations contained in the group G^j^ may be divided 
into three classes as follows: (i) the eighteen transformations be* 
longing to the Group G, g; (2) the 144 transformation in the four 
groups Gf4(i) and not belonging to G^; (3) the fifty-four trans- 
formations in G^, not belonging to G|g. 

The cubics of the pencil C-f 6kH=:o are distributed into sets of 
twelve each, such that each set of twelve cubics is an invariant of 
the group G,,^. Each set of twelve is divided into four sub-sets 
of three cubics each; thus: m^, am|, a'mi, (i=ai, 2,3,4) where the 
m's are the roots of équation (3). 

The effect of a transformation of the iîrst class is to transform 
every cubic of the pencil C+6kH=o into itself. The effect of a 
transformation of the second class is to cyclically interchange the 
three cubics of one sub-set in each set of twelve and to cyclically 
interchange the other three sub-sets. As a spécial case of this one 
of the equianharmonic cubics is invariant and the other three are 
cyclically interchanged; also one of the inflectional triangles is 
invariant and the other three is cyclically interchanged. The three 
pairs of harmonie cubics are cyclically interchanged by a trans- 
formation of thts class. A transformation of the third class inter- 
changes by twos the four equianharmonic cubics and also inter- 
changes by twos the four inflectional triangles. It leaves invariant 
one pair of harmonie cubics and interchanges the other two pairs. 

Since the Hessian of a cubic is a covariant of the cubic, every 
transformation that leaves a cubic invariant must leave its Hessian 
also invariant. Thus every transformation of the fîrst class leaves 
both cubic and Hessian invariant. The Hessian of an equianhar- 
monic cubic is its corresponding inflectional triangle. Thèse are 
invariant together under a transformation of the second class. 
The Hessian of a harmonie cubic is the other harmonie tubie of 
the same pair; thèse are invariant together under a transformation 
of the third class. 
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PLATE I. 

Fig. I. Taenopteris newberriana{f). Natural size. No. 5000. 
Univ. of Kans. 

Fig. la. Sears, fungi(?). On the rachis of T, newberriana{f), 
Times 3. No. 5000. 

Fig. 2. Venation of T, newberriana{?). Times 2. No. 5001. 

Fig. 3. Sporangia, like bodies between the veins of same. 
Times 2. No. 5003. 

Fig. 4. One of the bodies showing slit on the side. Enlarged. 
Times 30. 

Fig. 5. Another with slit across the top. Times 30. 

Fig. 6. Bodies between the veins of T. coriacea, Times 2. 
Taken from spécimen Fig. 3, Plate IV. 

Fig. 7. T. newbernana(^??) Natural size. No. 5006. 

Fig. 8. Venation of T, coriacfa near the base of the frond. 
Times 2. 

Fig. 9. Venation of the same species near the apex. Times 2. 

Fig. 10. Sporangium(?) of T'. r/jr/Vir^-tf. Times 30. From Fig. 
3, Plate IV. 

Fig. II. Same, showing slit across the top. Times 30. 

Fig. 12. Cavity from which the sporangium(?) has been re- 
moved. Times 30. 

Fig. 13. Venation of T. newberriana{?^ near the apex. Times 
2. From Fig. i, Plate I. 

Fig. 14. T. sp. Natural size. No. 5008. 
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PLATE I. 
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PLATE II. 

Fig. I. Taeniopteris coriacea, Natural size. No. 5022. 
Fig. 2. Same species, showing fungi like scars on the lamina. 
Natural size. No. 5023. 



Digitized by 



Google 



Kan. Univ. Quar.. Vou X. Seriks A. 



PLATK II. 
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PLATE III. 

Fig. I. T. coriacea with scars, fungi(?) on the rachis. No. 
5002. 

Fig. 2. Same species, apex of the front. No. 5024. 
Fîg. 3. 7', coriacea var. linearis var. n. No. 5004. 
Fig. 4. Same. No. 5005. 
Ail natural size. 
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PLATE III. 
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PLATE IV. 

Fig. I. Taenioptaris coriacea, A small frond, slightly reduced. 
No. 5025. 

Fig. 2. T, Tuwberriana(j\ Fragment showing two scars on 
the rachis and a smaller one in the edge on the lamina. No. 5009. 

Fig. 3. Fragment of a small frond of 71 coriacea, with oval 
bodies between the veins and casts of the same. No. 5026. 

Fig. 4. T, newberriana(^?) near the base of the frond. No. 
5010. Figures 2, 3, and 4, natural size. 
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PLATE IV. 
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Vol. X, No. 2. APRIL, 1901. Séries A. 



ON THE GEOUP AND SUBGEOUPS OF EEAL OOLLINEA- 
TIONS LEAVING A TETEAHEDEON INVAEIANT. 

BY H. B. NEWSON. 

The real collineations in space which hâve the same invariant 
tretrahedron are mostly of type I ;* the exceptions will be noted later. 
There are three cases to be considered : ( 1 ) The tetrahedron is real 
in ail of its parts ; ( 2 ) the tretrahedron has two real and two conjugate 
imaginary vertices, two real and two conjugate imaginary faces, two 
real and two pairs of conjugate imaginary edges ; ( 3 ) ail the vertices 
and faces are imaginary in conjugate pairs, while two of the edges 
are real. Thèse three cases must be treated separately. 

§1. The Group with Real Invariant Tetrahedron and its 
One-parameter Subgroups. 

The OrouphOz {ABCD), — LetT be a collineatioh of type I, leav- 
ing invariant a real tetrahedron (ABCD). T is fuUy determined by 
the positions of the four points A, B, C, D, and three constant cross- 
ratios k, k', k". Starting from the vertex A we take for k, k', k" the 
cross-ratios along the lines AB, AC, and AD, respectively. The 
quantities k, k' and k" are independent of one another, and vary inde- 
pendently, thus giving us oo' différent collineations, ail leaving the 
four points A, B, C, D, separately invariant. Thèse collineations or 
projective transformations form a three-parametergrouphGs(ABCD), 
the parameters being k, k', k". 

Theorem 1. The aggregate of ail collineations of type I having 
the same invariant tetrahedron forms a three-parameter group hG» 
(ABCD). 

One-parameter auhgroupa ofhOz {ABCD). — We now proceed to 
show that the group hGs (ABCD) contains oo^ one-parameter sub- 
groups. Let us assume among the three parameters, k, k,' k," two 

*For tbe types of collineations in space, see Kan. Univ. Qaart., Séries A, vol. IX, pp. 58-^. 
8-K.U.Qr. A-x2 [88]-K.U.Qr.-A x 2-April, 'W. 
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relations, viz., k'=k^"' and k"=k*'''+^, and consider only those trans- 
formations whioh satisfy thèse assumed relations. Thèse two rela- 
tions are arrived at in the foUowing manner : The oross-ratio along 
AB is taken to be k, and that along BC to be k'^ ; hence that along 
CA is k'"^, or in the direction AC, it is k^"*. The cross-ratio along 
BC is now k"'; let that along CD be (k"')"* or k"; then that along 
DB mnst be k*^, in order that the product of the three cross-ratios 
taken in the same order round the triangle should be unity. Since 
the cross-ratio along AB is k, and that along BD is k'*'', that along 
DA must eqnal k'^'»+^; hence that along AD is k^"'+'*,whence k"=k^''+'*. 
The three cross-ratios around the triangle ACD are, respectively, k^~', 
k^, and k"*"*; their product is evidently unity. We now hâve the 
f ollowing useful table of thèse cross ratios : 

Along AB : k. 

" BC : k- 

" CD : k". 

" DB : k"^". 

" AC : k^-. 

" AD : k^-^+«. 

Suppose that k be allowed to vary while r and s remain constant ; 
thèse restrictions sélect from the three-parameter group hGt ( ABCD) 
a System of oo^ transformations which formsaone-parametersubgroup. 
To show this, take from the group hGs (ABCD) two transformations 
T and Ti, which hâve the same values of r and s but différent values of 
k. The one-dimensional transformations along the edges of the in- 
variant tetrahedron in the above order and directions are as f oUows : 

T : k, k ^ k", k'"'*, k^ "^ ki-'-+"; 
Ti : kl, kl ^ ki^, kr", ki^', ki^-^+". 

Their résultant Ta is given by 

T2 : kî, k2-^ kî", k2"^ W', kî^'+^-S 

where ka^kki. Thus the résultant T2 is a transformation having the 
same values for r and s as T and Ti; thus the group property is estab- 
lished, and the parameter of the group is k. ,The law of combination 
of the parameter k in the one-parameter group is expressed by ks^kki. 
There is a one-parameter group in hGs (ABCD) for each real 
value of r and s, and thus we see that the three-parameter group 
hGs (ABCD) contains 00* one-parameter subgroups. The properties 
of one of thèse one-parameter subgroups are readily inferred from the 
analogous cases of hyperbolic one-parameter groups in one and two 
dimensions. 

Theorbm 2. The three-parameter group hGa (ABCD) contains 
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cx^ one-païameter subgroupB. For eacb of thèse groupa r and s haVe 
fixed values wbile k is tbe variable parameter. 

Invariant eurves and surfaces of hO\ {ABCD)n» — The one- 
parameter group hGi ( ABCD)r8 leaves invariant, besides the tetra- 
hedron (ABCD), a System of path curves which are usually curves 
of double curvature and certain Systems of surfaces on which are sit- 
uated the invariant curves. In order to show this more clearly let us 
consider the effect on a single point P anywhere in space of ail the 
transformations of the group Gi. Each transformation of the group 
transforms the point P to some other point Pm. Since the oo^ trans- 
formations in the group form a continuons System, there are ex* of 
thèse points Pm .which form a continuous curve, viz., the path curve 
of the point P. 

If we consider in this way the effect of the transformations of the 
group on ail the points of any arbitrary plane, we see that each point 
of the plane traces a curve. Thus there are oo^ of thèse path curves 
invariant under ail the transformations of Gi. Since our group con- 
tains ail the pseudo-transformations, corresponding to the values 
k=^0 and k= oo, it folio ws that our path curves ail pass through two 
vertices of the invariant tetrahedron, but not through the other two. 

If a surface S be made to pass through oo* of thèse path curves in 
such a way that every point on each of thèse oo* path curves lies on 
S and also so that every point on S belongs to one of thèse path 
curves, then such a surface is an invariant surface of the group Gi. 
We can best détermine thèse invariant surfaces by resorting to ana- 
lytic methods. 

Equations of invariant surfaces ofhO\ (ABCD)n^ — Let the in- 
variant tetrahedron (ABCD) be the tetrahedron of référence and 
let T be a transformation of the group Gi which transforms a point 
P whose coordinates are (x, y, z, w) to Pi whose coordinates are 
xi, yi, zi, wi. Pass planes through CDP and CDPi; let thèse eut 
AB in Q and Qi. Then we hâve the cross-ratio ( ABQQi)=k ; hence 
^ : |^*=k. Using proportional quant ities, we hâve 

^.=v=k. (1) 

In like manner we hâve the équations 

l::-^=k-'. (2) 

|::f=t". (3) 

ff:-f- = k'-", (4) 

=f:f=k-', (5) 

=f=T=k"-^ (6) 
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Sappose that Pi is a fixed point and P a movable point depending 
upon the parameter k. Eliminating k from équations ( 1 ) and (3), 
we get 

ïi|=î«;j:i=con8t. 

W" Z Wi" Zi 

Clearing of fractions, we hâve 

x«y=Cw"z. (I) 

For différent values of C this équation represents a System of invari- 
ant surfaces through the path curves of the group. 

In like manner eliminating k from équations (2) and (6) we get 
y^^-i w'=Cx»^"-i z'. (II) 

Also from ( 4 ) and ( 5 ) we get 

3^r-l yi^rs^Cz'^^W'^'*. ( m ) 

It should be noted in each of thèse cases we hâve eliminated k from 
the values of the cross-ratios along opposite edges of the tetrahedron. 
If we eliminate k from the cross-ratios along edges which lie in a 
plane face of the tetrahedron, we obtain the équation of the plane 
path ourves whioh lie in that face. The Systems of cônes whose ver- 
tices are the vertices of the invariant tetrahedron and whose bases are 
the plane path ourves of the opposite faces are also invariant surfaces 
of the group Gi. Eliminating k from ( 2 ) and ( 3 ), we hâve 

y-iz=Cx», (IV) 

which is the équation of the System of invariant cônes whose vertices 
are at A. 

In like manner eliminating k from équations (3) and (6), (1) and 
(4), (l)and(2). weget 

jjr-l yl-r+rs^^^Cw", (V) 

Xr-rs-l zr^Cw»"", (VI) 

x^»y = Cw', (VII) 

which are the équations of the invariant cônes whose vertices are re- 
spectively B, C, and D. 

We hâve thus found seven Systems of invariant surfaces of the 
group Gi ; three of thèse Systems are ruled surfaces which pass through 
four edges of the invariant tetrahedron, and four of them are cônes 
which hâve their vertices at the vertices of the invariant tetrahedron. 
The intersections of any two of thèse Systems of surfaces give us the 
path curves of the group Gi. 

Theorem 3. There are seven distinct familles of ruled surfaces 
invariant under ail the transformations of the group hGi (ABCD)™; 
four of thèse familles are families of cônes. The oc^ curves of inter- 
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section of thèse invariant surfaces are the invariant patli curves of 
the group Gi. 

The géométrie meaning of r and 8. — It is net diffioult to détermine 
the géométrie meaning of the two constants r and s. Any tangent to a 
path curve in the plane ABC cuts the side of the triangle ABC in 
three points which form with the point of contact a range of four 
points whose cross-ratio is constant and equal to r. Any tangent to 
a path curve in space cuts the threB planes DAB, DAC, DBC in 
three points which form with the point of contact a range of constant 
cross-ratio r. For if path curves and tangent be projected from D 
on the plane ABC we get the path curves and tangent in the plane 
ABC with the usual meaning of r. 

In like manner s is seen to be the cross-ratio of the point of con- 
tact of a tangent to a path curve and the three points where the 
tangent cuts the three planes ABC, ABD, ACD. In gênerai, a 
tangent to any path curve in space cuts the faces of the invariant 
tetrahedron (ABCD) in four points; thèse with the point of contact 
of the tangent form a set of five points on a line ; r and s are two in- 
dependent cross-ratios of thèse five points. Ail other cross-ratios 
among thèse five points may be expressed in terms of r and s. Since 
thèse five points are ail real, r and s must both be real. 

Theorem 4. The constants r and s are two independent cross- 
ratios among the range of five points in which a tangent to a path 
curve cuts the tetrahedron (ABCD) and its point of contact. 

§2. TWO-PARAMETER SUBGROUPS DP hGs (ABCD). 

Having shown that the group hQs (ABCD) contains oc^ one-para- 
meter subgroups, it will be shown next that thèse one-parameter sub- 
groux)8 unité in certain instances to form two-parameter subgroups of 
hG« (ABCD). It will be found that a two-parameter subgroup of 
this kind is characterized by the fact that it leaves invariant one and 
only one family of surfaces on which lie the path curves of its one- 
parameter subgroups. 

Two-parameter groups leaving invariant a family of cônes. — 
If r remains constant while s assumes in tum ail real values, wè hâve 
a System of oo^ one-parameter groups, ail of which leave invariant the 
System of cônes given by équation (VII) ; for the équation of this 
family of cônes is independent of s. The other six Systems of sur- 
faces given by équations (I)-(VI) vary as s varies, and are not in- 
variant under ail the oo^ transformations which leave the cônes of 
(VII) unchanged. This System of oc* transformations leaving a 
family of cônes invariant evidently forms a two-parameter group, 
the parameters being k and s. There is one such group for every 
value of r. 
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In like manner, if s is constant and r a variable, we get a two-para- 
meter group, leaving invariant the family of cônes given by équation 
(IV). Again, if r and s vary in snch a manner that r-rs remains a 
constant, we get a two-parameter gronp which leaves invariant the 
family of cônes given by équation ( VI ). Also, if r and s vary so that 
~ is constant, we get another two-parameter group whose invariant 
family of cônes is given by équation (V). We see in this way that 
the group hGP* (ABCD) contains four singly infinité Systems of two- 
parameter groups, each of which is characterized by an invariant 
family of cônes. 

Two-parameter groups leaving invariant a family of ruled 
surfaces, — If we let r and s vary simultaneously so that theirprod- 
uct, rs, remains a constant, we get thereby a System of oc^ one-para- 
meter subgroups of hGs (ABCD), ail of which leave invariant the 
family of surfaces given by équation (I). The oc* transformations 
contained in this System of one-parameter groups, since they hâve a 
common invariant, viz., équation (I), form a two-parameter group. 
There is a two-parameter group for each value of the constant rs. 

In like manner we see that if 1-s-l/r is a constant, there results a 
two-parameter group leaving invariant the family of surfaces given 

by équation (II). Also if -^-y" remains constant, the resulting Sys- 
tem of OD* transformations forms a two-parameter group whose invari- 
ant family of surfaces is given by équation ( III ). Thus we see that 
the group hGs ( ABCD ) contains three singly infinité Systems of two- 
parameter groups, each of which is characterized by an invariant fam- 
ily of ruled surfaces. 

Theorem 5. The group hGs (ABCD) contains four singly in- 
finité Systems of two-parameter subgroups, each of which leaves 
invariant a family of cônes ; and three singly infinité Systems of two- 
parameter subgroups, each of which leaves invariant a family of ruled 
surfaces. 

§3. SoME Pkopekties of THE One-pakameter Subgroups 
OF hG8(ABCD). 

Transformations in hOz {ABCD) with négative values ofk, k\ 
k'\ — The group hGs (ABCD) contains oc* transformations depend- 
ing upon three variable parameters k, k', k", which assume in tum ail 
real values, both positive and négative. Our next problem is to déter- 
mine whether ail the transformations in hGs ( ABCD ) are to be f ound 
in thèse oc^ one-parameter subgroups, and what transformations, if any, 
are common to two or more of thèse subgroups. 

In order to solve thèse problems we resort to a simple geometrical 
device where k, k' and k" are taken to be the rectangular coordinates of 
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a point in spaoe. It is évident, since thèse parameters are indépend- 
ant, that there is a point in space corresponding to every transforma- 
tion of the group hGs (ABCD). AU transformations whose 
parameters satisfy the relations 

k^k^-*- and k"=y-'+'^ 
form a one-parameter subgronp of hGs (ABCD). Henoe-the curve 
of intersection of the two cylinders whose équations are y=x^"' and 
z=x^"'+'* représenta a one-parameter group hGi ( ABCD )r8 and the in- 
dividual points on the curve represent the individual transformations 
of the gronp. If we give to r and s ail real values we hâve a System 
of œ* curves which represents the System of od^ one-parameter sub- 
groups of hGs (ABCD). 

An examination of the équations y=x^"^ and z=x^'''+'^ shows that 
one branch of the curve lies in the first octant for ail values of r and 
s ; and if r is an irrational number, the cùrve lies whoUy in the first 
octant. If r and s are both rational, r with odd numerator and odd 
denominator, s with even numerator and odd denominator, the curve 
lies in the first and second octants. If r and s are both rational, r with 
even numerator and odd denominator, s with odd numerator and even 
denominator, the curve lies in the first and third octants. If r is ra- 
tional with odd numerator and even denominator while s is irrational 
or rational with odd numerator and odd denominator, the curve lies in 
the first and fourth octants. If r is rational with odd numerator and 
s rational with odd numerator and even denominator, the curve lies in 
the first and fif th octants. If r and s are both rational, each with odd 
numerator and odd denominator, the curve lies in the first and sixth 
octants. If r and s are both rational, r with even numerator and odd 
denominator, s with odd denominator, the curve lies in the first and 
seventh octants. If r and s are both rational, r with odd numerator 
and even denominator, s with even numerator and odd denominator, 
the curve lies in the first and eighth octants. 

The curves of the family, y^x^""" and z^=^x^''+'^, contain every point 
in the first octant, but not every point in the other seven octants. 
Consequently the group hGs ( ABCD ) contains transformations which 
are not included in any of its one-parameter subgroups. Such a 
transformation has one or more of its cross-ratio parameters négative 
and such that their values do not satisfy algebraic équations of the 
form k'"=k"™, k"°=k', where 1, m and n are integers. 

Tranêformations common to two or more one-parameter subgroups 
of hOz {ABCD), — In order to find ail points common to any two 
curves of the family representing the System of one-parameter sub- 
groups of hGs (ABCD), we solve the simultaneous System of équations 
y = x^'S 2 = x^-'-+" ; y = x^-'', z = xi-^+''«'. 
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We observe that the points (0, 0, 0), ( oo, oo, oo ), and (1, 1, 1) be- 
long to every curve of the family ; hence every one-parameter sub- 
group of hGs (ABCD) contains the identioal transformation (1, 1, 1 ) 
and the two pseudo- transformations (0, 0, 0) and ( oo, oo, oo). 

From the above équations we hâve x*'"'=l, and z.^''-^^^^'^=l or 
3^rt-r'8'-_i Since X is real, ît can hâve only the values ±1 ; substituting 
thèse values of x in y=x^'' and z=x^''+", we see that the real values of 
y and z are limited to the numbers ±1. Hence, the only points com- 
mon to two ourves of the family in addition to those mentioned above 
are (1,1,-1), (1,-1,1), (-1,1,1). (1,-1.-1), (-1,1,-1). (-1.-1,1). 
(-1,-1,-1). The point (-1,1,1) is common to every curve of the 
family which lies partly in the second octant. The corresponding 
transformation is an involutoric perspective transformation of type 
VI, having its vertex at B and the plane ADC for its axial plane. 
The transformations corresponding to the points (1, 1, -1), (1, -1, 1), 
(-1,-1,-1) are also involutoric perspective transformations of type 
VI, with vertices at D, C, and A, respectively, and whose axial planes 
are the opposite faces of the tetrahedron (ABCD). 

The transformations corresponding to the points (1, -1, -1), (-1, 1, 
-1), and (-1,-1, 1) are involutoric skew perspective transformations 
of type X, whose skew axes are respectively the edges of AD and 
CD, AC and BD, AD and BC of the invariant tetrahedron (ABCD). 
Each of thèse transformations belongs to every one-parameter sub- 
group of hGs (ABCD) whose représentative curve lies partly in the 
eighth, sixth and third octants, respectively. 

Theorbm 6. The oc* one-parameter subgroups of hGa (ABCD) do 
not include ail the transformations in hGs (ABCD) ; a transformation 
not belonging to a one-parameter subgroup has one or more of its 
cross-ratio parameters négative. Every subgroup hGi (ABCD)™ for 
which r and s are jational contains one involutoric perspective trans- 
formation either of type VI or X. 

§4. Subgroups of Types VI, VIII and X in hGa (ABCD). 

Suhgroups of type VIII in hGz {ABCD). — The constants r and s 
may hâve such values that ail the one-dimensional transformations 
along the same edge are identioal transformations. This may occur 
in six différent ways, since there are six edges of the tetrahedron. 

If r=l while s remains finite, we hâve an identioal transformation 
along AC. If r=0 while rs remains finite, we hâve an identioal 
transformation along BC. If r = oo, we see that the transformation 
along AB is identioal. If s=l and r is finite, we hâve an identioal 
transformation along BD. If s=0 while r remains finite, the trans- 
formation along CD is identioal. If rs=r— 1, the transformation 
along AD is identioal. 
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In the case tbat a transformation of type I dégénérâtes to type 
VIII, one of the families of invariant surfaces dégénérâtes into a 
family of planes intersecting in one edge of the tetrahedron ; this edge 
is opposite the edge which is the line of invariant points. AU trans- 
formations of type VIII in hGs (ABCD) leaving the same edge in- 
variant form a two-parameter group. The path ourves of the sub- 
groups of thèse two-parameter groupa are always plane ourves. 

Theorem 7. The group hGa (ABCD) contains six two-parameter 
sabgroups of type VIII; thèse are gîven when r=l, 0, oc; and 

8=1, 0, ^. 

Suhgroups of type VI in hO% {ABCD), — For certain values of r 
and s a transformation of type I reduces to type VI. In such a case 
ail points in one of the invariant planes of type I are invariant points, 
and ail Unes through the opposite vertex of (ABOD) are invariant 
Unes. 

Let r=0 and let s hâve any finite value; then the transformations 
along BC, CD and DB are ail identical ; hence the two-dimensional 
transformation in the face BCD is identical. At the same time the 
cross-ratios along AB, AC and AD are aU equal to k. Such a trans- 
formation is evidently of type VI. Let r=l and s=0; then the two- 
dimensional transformation in the face ACD is identical, and the 
one-dimensional transformations along BA, BC and BD are aU equal. 
Again, let r = oo and s = 1 ; then the two-diraensional transformation in 
the face ABD is identical, and the one-dimensional transformations 
along CA, CB and CD are ail equal. Finally, let r=oo and s=od; 
then every point in the face ABC is an invariant point and the one- 
dimensional transformations along DA, DB and DC are ail equal. 

It is évident in each of the above cases that the invariant surfaces 
are aU planes or cônes and the path curves are ail straight Unes. 

Theorem 8. The group hGs (ABCD) contains four one-parameter 
subgroups of type VI ; thèse are given by the f oUowing sets of values 
of r and s: (0, s), (1, 0), ( oo, 1), ( oo, oo). 

Suhgroups of type X in hOz{ABCD), — For certain values of r 
and s a transformation of type I reduces to one of type X. From the 
nature of type X it is évident that it must occur as a spécial case of 
type VIII, when the two one-dimensional transformations along op- 
posite edges of (ABCD) are identical transformations. 

Let r=l and s = l; then the one-dimensional transformations 
along AC and BD are both identical transformations, and thus every 
point on each of thèse edges is an invariant point. The cross-ratios 
along AB, AD, CB and CD are ail equal. The invariant families of 
surfaces I-VII reduce for r=l and s=l to the foUowing: 
xy=Czw, xw = Cyz, x=Cz, and y=Cw. 
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The path curves are evidently straight lines and constitute tbe con- 
gruence of lines joining every point on AC to every point on BD. 

Again, let r=oo and 8=0 with the condition that r8=0; then 
the transformations along AB and CD are both identical, while those 
along AC, AD, BC and BD are ail equal. The invariant surfaces 
and path curvçs are analogous to those above. In like manner, if we 
make r=0 and 8=00, and r8 = — 1, we get identical transformations 
along BC and AD ; the cross-ratios along AB, AC, DB and DC are 
ail equal, the invariant surfaces are pencils of quadrics and pencils of 
planes, the path curves are ail straight lines. 

Theorem 9. The group hGs ( ABCD) contains three one-parameter 
groups of type X ; thèse are given by the following sets of values of 
rands: (1, 1), ( 00, 0), (0,oo, r8 = — 1.) 

§5. SoME Spécial Subgroups of hGsCABCD). 

Suhgroups with invariant quadric cônes. — For certain values of r 
and s the invariant cônes whose équations are (IV) -(VII) are cônes 
of the second order. One of thèse familles of cônes will be of the 
second order when the plane path curves in one the faces of the tet- 
rahedron are conics. 

Equation ( IV) represents a family of quadric cônes for three values 
of s, viz., s = — 1, 2, \\ équation (V) represents quadric cônes when 
^=^1, 2, I; équation (VI) represents quadric cônes when r — rs= 
— 1, 2, \ ; équation (VII ) represents quadric cônes when r = — 1, 2, |. 
Consider the case when r= — 1; s may assume oc^ différent values, 
and hence there are oc* one-parameter groups which leave invariant 
the same family of quadric cônes. Thèse form a two-parameter group. 
The vertex of the cônes of the family are at D, and the lines DA and 
DB are éléments common to ail the cônes of the family. Thus we see 
that there are twelve two-parameter subgroups of hGa (ABCD) which 
leave invariant a family of quadric cônes. 

Theorem 10. The group hGs (ABCD) contains twelve two-para- 
meter subgroups each of which leaves invariant a family of quadric 
cônes ; thèse are given by the values of r and s as foUows : r = — 1, 2, \ ; 
8=-l, 2. i; r-r8=-l, 2, i; ^— 1, 2, i 

Subgroups with invariant quadric surfaces, — We now seek the 
most gênerai conditions under which the invariant surfaces of a one- 
parameter subgroup of hGs (ABCD) shall be a family of quadric sur- 
faces. One or more of the three familles of surfaces whose équations 
are (I), (II), (III) will reduce to quadrics for certain values of r and 
s. The surfaces given by (I) are quadrics when rs = itl; équation 
(II) gives quadrics when r — rs — l = ±:r; équation (III) yields quad- 
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lies when r — 1 = ± (r — rs). The condition r — rs — 1 = dz r reduces 
to rs = — 1 and r8=2r — 1; the condition r — l = ±:(r— rs) reduoes 
to rsr^l and r8=2r — 1. Hence we hâve only three relations beween r 
and s for which at least one family of invariant surfaces are quadrics. 

Putting r8=l in (I), (II), (III), we get, after réduction, 

(I), xy=Czw; (II), y^»w=Cx^«z; (III), xy=Czw. 

Thus the first and third families of surfaces reduce to the same 
family of quadrics. 

Putting r8=— 1 in (I), (II). (III), we hâve 

(I),xz=Cyz; (II), xz-=Cyw; (III), x^y+^-=Cz^iw'+^ 

Hère we see that (I) and (II) give the same System of quadrics. 
Putting r8=2r— 1 in (I), (II), (III), we get 

(I),x«»^V^Czw2^i; (II), xw=Cyz; (III), xw=Cyz. 

From thèse three cases we see that, if one of our families of in- 
variant surfaces are quadrics, another is also, and thèse two families of 
quadrics coincide. 

The invariant tetrahedron (ABCD) is the common self-polar tetra- 
hedron of thèse families of quadrics. AU quadrics of the System 
xy=Czw pass through the edges AC, CD, AB, and BD; the edges 
AD and BC are reciprocal polars of ail quadrics of the family. Simi- 
lar properties hold for the other two families xz=Cyw and xw^^Cyz. 

Each of thèse Systems of quadrics remains invariant under oc^ 
transformations which form a two-parameter subgroup of hGs ( ABCD) . 

Theorem 11. There are three two-parameter subgroups of hGa 
(ABCD) each of which leaves invariant a family of quadric surfaces ; 
thèse are given by rs=l, r8= — 1, rs=2r — 1. 

Subgroups whose path curves are ail conics. — We now proceed 
to investigate the one-parameter subgroups of hGs (ABCD) whose 
path curves are ail conics. Since conics are plane curves, such a 
one-parameter group must be of type VIII. We find in §4 that 
there are six two-parameter subgroups of type VIII in hGs (ABCD) ; 
hence, a one-parameter subgroup of hGs (ABCD) whoee path curves 
are ail conics must be a one-parameter subgroup of one of thèse 
groups of type VIII. 

To obtain one of thèse two-parameter subgroups of type VIII let 
s=l. The line DB is a Une of invariant points, and ail planes 
through the opposite edge AC are invariant planes. The path curves 
are ail alike in thèse invariant planes, and hence it is sufficient to ex- 
amine them in one of thèse planes, as ABC. The path curves in the 
plane ABC are conics for three diflferent values of r, viz., r= — 1, 2, J. 
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For r= — 1, 2, and | tbe oouios bave double contact at A and C, B 
and C, and A and B, respectively. 

Tbe caae wbere r= — 1 is essentially différent from tbe other two 
cases wbere r^2 and r=|. In tbe first case tbe conics in ail tbe 
planes tbrougb AC bave double contact at A and C ; in tbe second 
case tbe conics in ail tbese planes bave only one point in common, C 
wben r=2 and A wben r= J. Tbe invariant surfaces in tbe two cases 
are very différent and wortby of attention. Let s=l and r= — 1 in 
équations (I), (II), (III) ; we tbus get 

(I), xz=Cyw; (II), xz=Cyw; (III), x=Cz. 

In tbis case we bave a family of invariant quadrics. Again, let 
s^l and r=2 in tbe same équations, and we bave 

(I),xV=Cw^; (II), xw^=Cyz«; (III), x=Cz. 

Let s=l and r=|, and we get 

(I), xy^=Cwz»; (II), x«w=Cy«z; (III), x=Cz. 

In botb tbese latter cases tbe invariant surfaces are ruled surfaces 
of tbe third order. 

Instead of taking tbe edge BD for tbe Une of invariant points any 
otber one of tbe six edges may be made tbe line of invariant points ; 
bence tbere are six sucb cases as tbe above to be considered. 

Theorem 12. Tbere are eigbteen one-parameter subgroups of bGg 
( ABCD ) for whicb tbe path curves are conics ; six of tbese groupe 
leave invariant a family of quadrics and twelve of tbem leave invari- 
ant familles of cubic surfaces. Tbe first six 'are given by tbe foUow- 
ing values of r and s: (—1, 1), (1/2, 0), (2, 1/2), (1, —1), (0,oo, rs 
= — 1), ( 00, 2). The remaining twelve resuit from tbe following val- 
ues of r and s : (2, 1), (1/2, 1), (2, 0), (-1, 2), (1/2, -1), (1, 2), (1, 
l/2),(0, 00, r8=2), (0, 00, r8=l/2), ( oo,-l), ( oo, 1/2), (-1, 2). 

Subgroups whose path curves are twisted cuhics, — If we give to r 
and s such values tbat two of tbe families of invariant cônes (IV) 
. . . (VII) are quadric cônes so situated tbat ail tbe cônes of botb 
families bave one edge of tbe tetrabedron ( ABCD ) in common, tbe 
patb curves of tbe resulting one-parameter groupe will be twisted cu- 
bics ; for tbe intersection of two quadric cônes having oûe élément in 
common is a twisted cubic passing tbrougb tbe vertices of tbe two 
cônes and baving tbe common élément for a sécant line. 

For example, let r= — 1 ands= — 1; équations (IV) and (VII) re- 
duce respectively to 

xz=Cy* and yw=Cx^. 

The first équation représente a family of quadric cônes baving dou- 
ble contact along AB and AD ; tbe second représente a family of cônes 
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having double contact along DC and DA. Since every cône of each 
family bas tbe Une AD in common, tbeir curves of intersection are a 
System of (x? twisted cnbics passing tbrough A and D. For tbese 
values of r and s tbe invariant Systems of surfaces given by (1), (II), 
(III) become 

(I),xy=Czw; (II), x»z=Cy«w; (III), xy=Czw. 

Tbus we see tbat tbe cubic path curves also appear as tbe intersec- 
tion of a family of quadrics witb a family of quartics. 

Again, let us put r=l/2 and 8=2; équations (IV) and (VII) re- 
duce respectively to 

yz=Cx* and xw=Cy*. 
Tbese two familles of quadric cônes bave also tbe élément AD in 
common. Equations (I), (II), (III) become for tbese values of r 
and s 

(I), xy=Czw; (II), x»w=Cy«z; (III), xy=Czw. 

Tbe patb curves are again twisted cubics tbrougb A and D and lie 
on tbe family of quadrics xy =Czw ; but tbey now appear as tbe inter- 
section of tbis family of quadrics witb anotber family of quartics. 

In like manner it can be sbown tbat tbe patb curves are twisted 
cubics for ten otber pairs of values of r and s, as foUows: r=3, s=^ 
1/3; r=3/2, s=l/3; common cbord BC : r=— 2,s=l/2; r=— 1/2, 
8=2; common cbord AC: r==^2, s=3/2; r=— 1, s=3; common 
cbord CD: r=2, s=— 1/2; r=l/2, s=— 2; common cbord BD: 
r=l/3, s= — 1; r=2/3, s=l/2; common cbord AB. 

Theorem 13. — Tbere are twelve one-parameter subgroups of bGg 
(ABCD) for wbicb tbe patb curvefe are twisted cubics; tbese are 
given by tbe following values of r and s; (r= — 1, s^= — 1), (r=l/2, 
s=2), (r=3, s=l/3),(r=3/2, 8=1/3). (r= -2, 8-=l/2), (r= -1/2, 
8=2), (r=2,8:^3/2), (r=-l,8=3), (r=2, 8= -1/2), (r=l/2, 
8= -2), (r=l/3, 8= -1), (r=2/3, s=l/2). 

§6. The Groups eGs (ABCD) and eeGs (ABCD) and their 

Subgroups. 

We sball now consider briefly tbe two cases where tbe invariant 
tetrabedron (ABCD) is not real in ail of its parts. Tbe first, called tbe 
single elliptic case, is wbere tbe tetrabedron bas two real and two 
conjugate imaginary vertices ; tbe second, called tbe double elliptic 
case, is wbere tbe tetrabedron bas two pairs of conjugate imaginary 
vertices. Tbese tbree-parameter groups are designated by eGs 
(ABCD) and eeGa (ABCD), respectively. 

TAe graup eOz {ABCD) and its subgroups. — Let B and C be a 
pair of conjugate imaginary vertices of tbe tetrabedron (ABCD). 
Tbe cross-ratios k and k' along tbe conjugate imaginary Unes AB and 
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AC are conjugate imaginary quantities ; also those along DC and DB 
are conjugate imaginary quantities. The cross-ratio k'' along AD is 
real, and that along BC is of the f orm exp. ni 9. As in the hyperbolic 
case, we may put k'-=y'' and k"=k*''+"; r and s are usually both 
complex quantities. It can be sbown without difficulty that the con- 
dition that the collineation shall be real requires that r shall be of 

the f orm 1 + exp. 2i <^, and s of the f orm *^. , , , * In the oom- 

'^ exp. 2i^+l 

plex plane the locus of r is the unit circle about the unit point, and 
the locus of s is the Une x=l/2. 

The cross-ratios along the six edges of the tetrahedron may be 
written : 

AB : exp. (tan * + i) 6, 

BC : exp.— 2i 6, 

CD : exp. (tan ^ + i)^, 

DB : exp. (— tan^+i) 6, 

AC : exp. (tan<^4-i) $, 

AD : exp. (tan <^ + tan ^) 9. 

In thèse expressions 9 is the variable and assumes in tum ail real 
values from — oo to -f oo. Since k is real, both positive and négative, 
while the value of etp. (tan ^ + tan \f/) 9 is only positive, it foUows that 
half of the transformations in eGs (ABCD) are not contained in its 
one- and two-parameter subgroups, viz., those for which k is négative. 

The group eGs (ABCD) contains two real subgroups of type VI, 
the vertices being A and D ; it also contains two real subgroups of 
type VIII, one hyberbolic and the other elliptic, whose axes of invariant 
points are, respectively, BC and AD ; it also contains one subgroup 
of type X, which is common to the two subgroups of type VIII. 

The group eGs (ABCD) has only two real two-parameter sub- 
groups leaving invariant a f amily of quadric cônes. Thèse two fami- 
lles of cônes do not hâve an élément in common ; hence there are no 
real subgroups leaving invariant a f amily of cubic path curves. When 
<^ and ^ are supplementary, one of the families of invariant surfaces 
consist of quadrics. Thèse statements may be easily verified by the 
reader. 

The group eeOz {ABCD), — Let AD and BC be taken as the two 
real edges of the invariant tetrahedron (ABCD) in the double elliptic 
case. Along thèse real edges the one-dimensional transformations 
are elliptic, so that the cross-ratios are both of the form exp. ni 9, It 
follows from thèse conditions that k must be assumed in the form of 
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exp. i 6, and that r and s are both real. The cross-ratios along tbe six 
edges of the tetrahedron ( ABCD) are written thus : 

AB : k=exp. i 6, 

BC : k-'^=exp. ri 6, 

CD : k"=exp. rsi $, 

DB : k™=exp.(r— rs)i^, 

AC : k^-'=exp.(l— r)i^, 

AD : k^-*+«=exp.(l— r+r8)i ^. 

It is now évident that every transformation in eeGs (ABCD) is to 
be found in some one of its one-parameter subgroups. The group 
eeG» (ABCD) con tains two real subgroups of type VIII, both elliptic, 
and one of type X, which is oommon to the two of type VIII. 
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THE DIMOBPHISM OF CAMBARUS, I. 

BT J. ARTHUR HÂRRIS. 

The existence of two markedly différent forma of maies in the 
genus Cambams bas long beén known. The fact was first noticed 
by Louis Agassiz and Henry James Clark,^ and communicated^ by 
the former to Dr. Hermann A. Hagen, who verified the observation 
for ail the species of CamharuB^ of which he had opportunity of ex- 
amining a large number of spécimens.^ Doctor Hagen, in bis mono- 
graph, whenever material was available, described both forms of 
maies, designating them as form I and form II. Since that time, 
in taxonomic work, a complète description bas always covered both 
forms of the maie ; a fact of no small importance, since the discrep- 
ancies in the descriptions of some of the earlier writers may be due 
to the fact that the présence of two forms of maies in each species 
had not yet been recognized. 

The extemal différences between the first- and second-form maies 
hâve been well described by Hagen* and Faxon.* 

The différences may hère be just as well stated in Doctor Faxon's 
words:* 

(* The différences between the two forms affect more espeoially the first pair 
of abdominal appendages, organs concemed in the act of coition, but also eztend 
to the gênerai form and sculpture of the body. In one form [ unhappily called by 
Doctor Hagen the * second -f orm ' ] the first pair of abdominal appendages hâve a 
structure nearly like that seen in ail young maies. The hook on the third joint 
of the third [in some species, of the third and fourth] pair of legs is small, and 
in the sculpture of the shell and shape of the claws this form approaches the 
female. In the other form [Hagen 's * first-form ' ], the articulations near the 
base of the first pair of abdominal appendages are gone and the whole member is 
much more highly specialized, the terminal hooks being homy, more widely sepa- 
rated, and in every way more highly developed; in those species with bifid tips 
to thèse appendages, the branches are longer, slender, more widely separated, and 
stiffer; the hooks on the thoracic legs are longer and more perfectly finished, 
the sculpture of the whole body is more pronounced, and the claws are longer 
and more powerful. No intermediate conditions are found, and there is no rela- 
tion between thèse forms and the size of the individual, the * second form' being 
large and the * first form' small, or vice verea.*^ 

1. See Faxon (Walter), "On the so-called Dimorphism in the Genus Cambarus," Amer. 
Joar. Sci.. vol. XXVII. pp. 42-44. 

2. See Hagen (Hermann Â.), "Monograph of the North American Astaoidae," IlL Cat. 
Mns. Comp. Zool., Harvard CoU. 1870. 

3. Hagen, loc cit., p. 24. 

4. Hagen, loo. cit. 

5. Faxon, loc cit. Also, "A Revision of the Astacidae,*' pt. I, Mem. Mns. Comp. Zool., vol. 
X.No.4. 1886. 

6. Faxon, " On so-caUed Dimorphism," etc. 

[49]-K.U.Qr.-A x 2-AprU, '01. 
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Doctor Hagen made an anatomioal examination ^ of first- and sec- 
ond form maies of C, acutus Girard, C, virilis Hagen, and C, hartonii 
Fabricius. His observations were made from a very limited nnmber 
of spécimens — probably only two from each species — and no note 
was made of tlie time of year the material was taken, a factor the 
«ignificance of which he seems to hâve entirely overlooked. His ob- 
servations were that tbe testis was decidedly larger in tbe first- than in 
the second-form. He says, in fact : ''The sexual parts of the second- 
form maies are so much less developed that it would be allowable to 
<H)nsider them as stérile." Hagen's idea was that in the older maies 
of the second-form the sexual organs hâve failed to deveiop and are 
•oonsequently non-functional. He says: "But the great number of 
f uU-grown second-form spécimens in every species, which are often 
«ven larger than the first-f orm maies, seems to prove that they are in- 
dividuals which hâve remained in a sexual stage that does not agrée 
with their corporal development — in short, they are, x)erhaps, stérile." 

The size of the arthropod testis, in fact, dépends largely upon 
the condition of the éléments, being, for instance, larger when the 
sperm-cells are in the spermatocyte stages than when the spermatozoa 
are mature, and being, of course, smaller still after the testis has been 
«vacuated. 

So far as I hâve been able to observe, the testis of first- and second- 
form maies of the same size, taken at the same season of the year, are 
equally developed, it being impossible to détermine from an exami- 
nation of the testis alone whether a given individual is first- or second- 
form. 

Faxon® observed that the so-called first- and second-form maies 
merely represent altemating stages in the life of the individual. 
Spécimens of C. rusticus Girard kept in his laboratory copulated 
f reely. Shortly after they exuviated, and, while yet soft, they were 
thrown with their casts into alcohol. Upon later examination, it was 
observed that the casts were first- form — the form in which the animal 
had approached the female — while the animais themselves were sec- 
ond-form. 

The same was noticed for a spécimen of C, propinquus Girard 
which had been preserved with its cast. 

I hâve had the opportunity of watching quite closely a small stag- 
nant pond near Lawrence, Kan., in which occur C. gracilia Bundy, 
C. virilis Hagen, and (7. immunis Hagen. As (7. immunis was by 
far the most abundant, observations were made on it. In the late 
summer and autumn, the proportion of first-form maies gradually in- 
creased ; there seems to be, so far as my observations go, no definite 

7. Hagen, loo. oit., pp. 22-24. 

8. FaxoD, "Onso-called Dimorphism,*'etc. 
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time at which exuviation takes place. This point, however, should be 
determined more definitely. In the spring of 1901, C, immunis ap- 
peared in the a]x)ve-mentioned pond early in March. AU maies col- 
lected up to April 15 were first-form. On April 20, the pond was 
again examined and a large number of second-form maies, yet soft 
from exuviation, were found. On April 25, the most of the maies 
taken were second-form, and none of them had yet attained the nor- 
mal degree of hardness. A large proportion of the first-form maies 
were evidently nearly ready to exuviate. None, however, were ob- 
served in the act. Upon slipping the old "shell" from first-form 
maies ready to exuviate, the animais in their new condition were 
plainly seen to be second-form. Thus, my somewhat more extended 
observations for C. immunis Hagen confirm Doctor Faxon's impor- 
tant discovery, that the "first" and "second" forma are simply alter- 
nating periods in the life of the individual. 

While neither so extended nor caref ul as for C. immunis, my ob- 
servations on the habits of C. virilis led me to believe that the proc- 
ess is the same in this species. 

Two individnals taken in the above-mentioned pond are deserving 
of spécial considération. The first (No. 34), a spécimen of nearly 
three inches in length, was coUected on the morning of April 29, 
1901, and thrown with many others iûto a coUecting can. In the 
aftemoon, when the material was removed and examined, it was no- 
ticed that this spécimen had died during the process of exuviation. 
The cast was plainly second-form, as was also the animal in its new 
condition. The pleopods and the hooks on the ischiopodites were de- 
cidedly and plainly second-form in both the cast and the exuviated 
animal. The old chelse resembled those of the second-form, but those 
of the soft animal were so much distorted that they offered no évi- 
dence of value. 

The other spécimen (No. 35) was collected while very soft from 
exuviation. It was in every respect a clearly marked first-form male^ 
and, while the cast was not secured, it seems altogether probable that 
this animal must hâve passed the winter in the first-form condition. 
Ail maies taken up to this time in the spring, with the one exception 
of No. 34, were first-form maies, as were ail maies of this species 
taken late in the fall. 

C, immunis ceases to be constantly second-form long before it at- 
tains the size of No. 34. No. 35, while a large spécimen for C. im- 
munis, was very slightly, if any, larger than other spécimens collected 
in the same place, which changed from first- to second-form upon ex- 
uviation. This would seem to indicate that, if there is finally reached 
a period in the life of the animal in which it is constantly in the first- 
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form condition and if No. 35 had reaohed this stage, the beginning of 
this period varies with différent individuals. 

Thus, in the twq oases mentioned above, it would -seem that we 
hâve exceptions to the gênerai rule of altemation of forms ; having 
in one case a large second-form individual retaining the second-form 
condition after exaviation, and in the other an animal which was 
probably in the first-form condition remaining first-form after exuvia- 
tion. It seems to me not at ail improbable that No. 11 also represents 
one of thèse ^'abnormar' changes, being large enough to be in first- 
form condition, and yet again assuming the second-form just at the 
time when ail others are first-form. 

As to the microscopic condition of the testes, thèse spécimens are 
not very dissimilar to others collected the same spring (Nos. 21 to 37). 
Of No. 34, ail the lobes and the vas déferons were sectioned. The 
lobe is made up proximally of emptied follicles. Upon this follows 
an extensive zone of spermatocytes, many of them in active raitosis. 
The distal end of the lobe is occupied by the spermatogonial zone, 
which is composed of only a few follicles in one of the lobes. The 
vas deferens is fiUed with spermatozoa. Of No. 35, two lobes and the 
vas deferens were sectioned. In this spécimen the posterior lobe is 
very much larger than either of the anterior lobes, but, so f ar as our 
présent considération is concemed, this seems to me to be of no great 
significance. The condition of the éléments is very similar to that of 
No. 34. The vas deferens is well fiUed with spermatozoa. In both of 
thèse spécimens we notice a prédominance of spermatocytes. The 
relative extent of the spermatocytes as compared with the other zones 
is, with the exception of the one lobe of No. 34 mentioned above, not 
so great as in the one lobe of No. 37 which was examined. With the 
exception of the proportionately greater extent of the spermatocyte 
zone. No. 37 is very similar to Nos. 34 and 35. 

Faxon, in his paper on "Dimorphism," says: "I will add that the 
maies of extraordinary size which I hâve seen are ail of the 'first-form.' 
Do thèse very old individuals cesse to molt ? Do they become per- 
manently capable of reproduction ?" My observations, so far as they 
extend, confirm those of Doctor Faxon. Having seen some very large 
seccnd-form maies of both C. virilis and C, immunis, I must add, 
however, that this observation is true of only the extraordinarily large 
individuals. While such a hypothesis seems not at ail unreasonable, 
I should like to examine a much larger séries of material than I hâve 
yet had the opportunity of doing before I say that the maies reajch a 
permanently first-form condition. It seems to me improbable that 
the old individuals should cease to molt, but not at ail improbable 
that they should continue in the same form after molting. 
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Doctor Faxon suggests^ that Dootor Hagen's method of désignât- 
ing the two phases is not so happy as might be desired. 

It would, perhaps, be better if the terms were just reversed, and the 
maie in the condition to approaoh the female were calied form II, 
since that designated by Hagen as form II is the form in which we first 
find the animal. While it is not at ail descriptive, I can see, other than 
that mentioned above, no serions objection to Hagen's terminology, 
especially since it is so well established in the literature. It surely is 
very oonvenient, while I am not at ail snre that a descriptive term 
which would not be cumbersome could be easily found. 

No dimorphism in the maies has been observed in Astacus, nor, so 
far as I hâve been able to leam, has any indication of it been found 
in any other genus of the Astacidœ, unless it be in the subgenus 
Cambaroids, where Faxon"^ suspects the présence of two forms of the 
maie, as in Cambarus. Should this be found to be true, it would cer- 
tainly be of great interest from a phylogenetic point of view. It 
must be borne in mind, however, that the Parastacine gênera hâve not 
been nearly so thoroughly studied as those of the Potamobine. 

A fact which I believe has not heretofore been considered in the 
literature on the dimorphism of Cambarus nevertheless seems to me 
significant. In Astaeus, according to Chantran," after the third year 
the maies molt twice, first in June and July, afterwards in August 
and September, and the females once, from August to September, an- 
nually. According to Huxley,^^ copulation takes place immediately 
after the completion of ecdysis, in the early autumn. It is to be ob- 
served that if the alternation of forms in Camba^^us noticed by Faxon 
ocours regularly year after year, which my observations tend to prove 
fot both C, immunis and C, virilis, the parallel between the two is 
quite striking ; the spring ecdysis of Astacus corresponding to that 
which brings Cambarus into the second-form after copulation, while 
the autumn ecdysis of Astacus corresponds to that which brings Cam- 
barus back into the form in which it is ready to approach the female. 

Neither Hagen's nor Faxon's material was in condition, having 
lain so long in alcohol, for a microscopic détermination of the condi- 
tion of the contents of the testis. My object in this study has been 
to supply observations on this point, hoping, by carefol comparison 

9. Fazon, '*Od so-called Dimorphism," etc. 

la Fazon, Monograph, p. 227. 

11* ChaDtraD, S. (1) '* Obseryations sur la formation des pierres chez les 
écrevisses," Compt. Rend., t. 78, pp. 665-667. (2i *'Surle mechanisme de la 
dissolution intra-stomacale des conorétions gastriques des écrevisses," Compt. 
Rend., t. 79, pp. 1230, 1231. (3, 4) '* Observations sur 1' histoire naturelle 
Ecrœsses," Ck>mpt. Rend., t. 69 and 73. 

I bave not seen tliese papers^but maice the statement on the anthorltyof Dr. C. L. Herrick, 
"The American Lob8ter,''^Ball. tJ. S. Fish Com.. toLXV ( Waihinffton, 1886), and Hnzley (T. 
H.), "The CrayfUh." — J. a. h. 

12. Hnzley, loo. oit. 
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of the sexual organe, to get some idea of the relation of tbe repro- 
ductive éléments to the physical condition of the animal, and in tbis 
way come a little nearer to the détermination of the true significance 
of the occurrence of the two forma. 

As the title indicates, I do not intend this as a final paper, there be- 
ing many important points yet to be ascertained before this interest- 
ing problem is fuUy solved. I feel, however, that, in addition to the 
gênerai survey of the subject, the question, the answer to which was 
the original subject of the investigation, has been definitely and con- 
clusively answered, and that the results obtained are of sufBcient in- 
terest to warrant their appearance hère, even before other points 
which hâve been suggested in the course of the work are decided. 

My material was fixed in Flemming's fluid, sometimes with a vary- 
ing amount of acetic acid, in hope of counteracting the tendency to a 
vacuolation of the cytoplasm during the process of division, embedded 
in paraffin, and sections prepared by the usual cytological méthode. 
Heidenhein's iron-heematoxylin and the safranin-gentian-violet- 
orange-G methods were used principally as staining reagents. 

I wish to express hère my gratitude to Prof. C. E. McClung and 
Mr. W. S. Sutton, of the dapartment of zoology, University of Kansas, 
where the work was done, for useful suggestions. 

It will be observed that in comparing the condition of the testes 
of différent individuals, I hâve frequently used some qualifying term ; 

as, for example, "Cîondition about the same as No. ." This 

course seemed necessary to strict accuracy ; for while, so far as the 
essential parts are concemed, they may be alike, it must be borne in 
mind that considérable individual variation is to be expected. Vari- 
ons causes affeot the relative development of the germ-cells in différ- 
ent individuals. In Cambarus^ the greatest variation occurs in the 
gênerai form of the testis — a condition which would imply consider- 
able variation in the relative shape and arrangement of the différent 
germ-cell zones. The normal testis is three-lobed — two anterior and 
one posterior ; yet those which hâve become almost completely f our- 
lobed through the division of one of those already existing are not at 
ail uncommon. 

The foUowing table shows the condition of the testes of a number 
of individuals of the two f orms. Usually but one lobe was examined ; 
however, in cases where more than one lobe was sectioned, the con- 
dition was usually found to be essentially the same. It will be noted 
that some of the material is not in the best condition, having been 
prepared under unfavorable circumstances. I might say, however, 
that in no case hâve conclusions been even suggested from poor sec- 
tions which seemed in any important way différent from other 
préparations with which they were compared. The greater part of my 



Digitized by 



Google 



hârris: dimorphism of câmbarus. 55 

material is, I believe, in as good condition as that upon wbich many 
of onr cytological papers are based. 

No. 1. 6\ immunis. F. I. Âbout two inches long. August 24, 
1900. 

One lobe sectioned. At the proximal end are a few emptied follioles and more 
with mature spermatozoa. Also various étages of epermatid tranaformation, 
tbe earlier stages being for the most part towards the distal end. The sperma- 
tids extend somewhat more than oae-half the length of the lobe. Then follow 
spermatocytes; and fiDally an area of spermatogooia, about one-sizth the leDgth 
of the lobe in width. Ad occasional division figure is seeu amoDg thèse sperma- 
togonia. 

No. 2. C. immunis, F. I. About two incbes long. July 27, 1900. 

Sections not in plane to show régions to beat advantage, but condition seems 
ip be about same as No. 1. 

No. 3. 6'. immunis. F. II. About two and one-half inches long. 
August 2, 1900. 

AH lobes sectioned. Sections of anterior lobes not perfect. One of anterior 
lobes seems to hâve an unusually large number of spermatogonia. Condition 
otherwise seems to be about same as No. 1. 

No. 4. C. immunis. F. II. Size of individual not reoorded; 
probably about two inches long. Still slightly soft from exuviation. 

Only one lobe sectioned. With the exception of a little différent appearanoe 
of the spermatogonia, which, from comparison with other material, seems to me 
to be unimportant in this connection, this seems to agrée ezactly with No. 1. 

No. 6. C. immunis. F. I. About two inches long. August 24, 
1900. 

One lobe sectioned. Proximal end shows follides with mature spermatozoa. 
Farther back are seen follicles oontaining varions stages of spermatid transforma- 
tion; then follow spermatocytes and finally spermatogonia. Condition practi- 
cally same as No. 1. Vas deferens conta ins a considérable number of spermatozoa. 

No. 6. C. immunis. F. I. About two inches long. August 24, 
1900. 

Only one lobe sectioned. In about same condition as No. 1. 

No. 7. C. immunis. F. I. About two and one-half inches long. 
August 31, 1900. 

One lobe sectioned. Conditions about the same as No. 1. A section through 
the vas deferens shows the présence of a considérable number of spermatozoa. 

No. 8. C. immunis. F. II. About three to three and one-half 
inches long. August 24, 1900. 

One lobe sectioned. Condition practically identical with No. 1. 

No. 9. C. immunis. F. II. About two and one-half inches long. 
August 31, 1900. 

One lobe sectioned. Condition almost ezactly same as that of No. 1. 
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No. 10. C, immunis. F. II. About two and one-balf incbes long. 
August 31, 1900. 

One lobe sectioDed. Condition about same as No. 1. 

No. 11. C. virilis, F. II. Perfectly soft from shedding. A Utile 
over two inoheB long. September 4, 1900. 

One lobe seotioned. Seems to be abnonnal. There are preeent, howeyer, 
almost mature éléments, spermatida, spermatocytes, and spermatogonia. 

No. 12. C. immunis. F. II. About two incbes long. August 
24, 1900. 

One lobe and vas deferens seotioned. Condition of lobe practically same as 
No. 1. Vas deferens contains many spermatozoa. 

No. 13. C. immunis, F. I. Good-sized individual. Probably two 
and one-balf or tbree inobes long. CoUeoted in burrow, Ootober 13, 
1900. 

One lobe and vas deferens seotioned. Proximal part of lobe made up of 
emptied follicles and thoee yet filled with mature spermatozoa. Farther back 
are seen spermatids in various stages of transformation, some of them quite early. 
A few follicles with spermatocytes are noted. Bordering immediately on the 
spermatid région, or upon the scattered follicles of spermatocytes, is seen the dis- 
tal région of spermatogonia, in whioh a division figure isoocasionally to be noted. 

No. 14. C. immunis. F. I. About two and one-balf inobes long. 
August 21, 1900. 

Material so badly oriented and broken up in préparation that an exact dé- 
termination of the différent régions is impossible. Spermatozoa, spermatids, 
spermatocytes and spermatogonia are found. Apparently, it is praotioally the 
same condition as No. 1. Vas deferens shows considérable number of sperma- 
tozoa. 

No. 16. C. immunis. F. I. About two or two and one-balf incbes 
long. August 21, 1900. 

One lobe ezamined. Condition about same as No. 1. 

No. 17. C. immunis. F. II. About two incbes long. August 
24, 1900. 

One lobe seotioned. Condition practioally same as No. 1. 

No. 18. C. immunis. F. II. About two and one-balf incbes long. 
August 2, 1900. Still fairly soft from sbedding. 
Condition practically same as in No. 1. 

No. 20. C. virilis. F. I. About two and one-balf incbes long. 
CoUected in ice-cold water in creek, January 18, 1901. 

Sections not longitudinal, and so arrangement of régions is uncertain. Most 
of the follicles are filled with mature spermatozoa; in some few the spermatozoa 
are apparently not quite mature, not being massed together at the oenter. Fol- 
licles containing spermatocytes, and a greater number containing spermatogonia, 
also occur. The vas deferens contains a good many spermatozoa, but is not 
nearly full. 
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No. 21. C, immunis, F. I. About two or two and one-half inches 
long. Maroh 19, 1901. 

AU lobes of testis sectioned. Proximal ends made up of emptied follioles. 
Beyond theee are some still oontaining apparently the original number of sper- 
matozoa of the preoeding season. A few follicles are fiUed with large primary 
sp«rmatogonia. An occasional folliole contains spermatooytes in fine spireme 
oondition. Those of the distal end contain spermatogonia, among whioh an oc- 
casional division figure is to be seen. The vas deferens is well filled with sperma- 
tozoa. 

No. 22. C. immunis, F. I. Two and one-third or three inches 
long. March 19, 1901. 

Two lobes and vas deferens sectioned. Is in praotically saine condition as 
No. 21. 

No. 23. C. immunis, F. I. About two and one-half inches long. 
Maroh 22, 1900. 

Two anterior lobes and vas deferens sectioned. Condition practicallj same as 
in Ko. 21. 

No. 24. C, immunis. F. I. About three inches long. March 22, 
1901. 

Vas deferens ezamined. Well filled with spermatozoa. 

No. 25. C, immunis, F. I. About two and one-half inches long. 
March 24, 1901. 

Somewhat broken up in préparation. Condition about same as No. 21. Sper- 
matocytes not oommon. Follicles do not contain so many spermatozoa. 

No. 26. C, immunis. F. I. About two and one-fourth inches 
long. March 27, 1901. 

Two lobes sectioned. Condition largely same as No. 21. No spermatocytes 
were noticed and no follicles still containing any considérable number of sper- 
matozoa. Spermatogonial région more extensive than in No. 21. 

No. 27. C. immunis. F. I. Early May, 1900. 

Sections rather poor. Lobe seems to be made up of the proximal area of emp- 
tied follicles and a large distal area of spermatogonia, among which occasional 
division figures are to be observed. The vas deferens îs well filled with sperma- 
tozoa. 

No. 28. C, immunis, F. II. April, 1900. 

Sections poor. Conditions practically same as in No. 27. Vas deferens wel^ 
filled with spermatozoa. 

No. 29. Cvirilis, F. IL May 5, 1900. 

Sections poor. Conditions probably much the same as in Nos. 27 and 28. 

No. 30. Cvirilis, F. IL May 5, 1900. 

Condition largely same as the three preceding. In Nos. 27 to 30, taken in the 
spring of 1900, we find essentially the same conditions, both in C. immunia and 
C. virilîs, as those observed in No. 21. 
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No. 31. C, immunis. F. II. About three inohes long. Slightly 
soft from exuviation. April 20, 1900 

Two lobes sectioned. Condition same as No. 26. 

No. 32. C. immunis. F. II. About two and one-half inches long, 
Very soft from exuviation. April 21, 1901. 

One lobe sectioned. Condition seems to be about the same as No. 36. Vas 
déferons well filled with spennatozoa. 

No. 33. C. immunis. F. I. About two and one-half inchee long. 
Did not seem to be nearly ready to exuviate. April 21, 1901. 

One lobe sectioned. Condition much the same as in No. 31. Vas déferons 
well filled with spennatozoa. 

No. 34. See body of paper, pages 50 and 51. 
No. 35. See body of paper, pages 60 and 51. 

No. 36. C. immunis. F. II. About three inches long. Kept in 
laboratory in second- form condition eîght days. May 5, 1901. 

Two anterior lobes sectioned. Condition much the same as in No. 21. Sper- 
matocytes perhaps somewhat more nu mérous, and spermatogonial région more 
eztensive. 

No. 37. C. immunis. F. II. About three inches long. Hadbeen 
kept in the laboratory. Had been in second-form condition at least 
ten days. May — , 1901. 

One lobe sectioned. In this spécimen nearly ail the spermatogonia hâve gone 
OTer into early spermatocytes. The région of spermatocytes is proportionately 
considerably larger than the spermatogonial région in any of the above-mentioned 
material. The vas deferens is well filled with spermatozoa. 

From an examination of Nos. 1 to 18 it will be seen that no constant 
différences can be demonstrated between the testes of first- and second- 
form maies coUected in the late summer. The material examined in- 
cludes spécimens yet comparatively soft from exuviation as well as 
those which hâve apparently been in first- or second-form for a con- 
sidérable length of time. An examination of Nos. 21 to 37 shows that 
in the spring ecdysis, as well, no definite différence which might dé- 
termine the time of the change of form is to be observed. 

The list of material described above tends to show that the main 
part of the régénération of the maie sexual éléments takes place be- 
tween the spring exuviation, in which the animal assumes the second- 
form, and late in August, and that during the latter portion of this 
period the animal may be in either of the forms. The later stages 
of régénération take place, so far as I hâve been able to observe, in 
exactly the same manner, whether the animal is first- or second-form. 

While advancing this theory rather tentatively, it seems to me that 
from the évidence at hand we must conclude that the second-form 
represents the period in which the greater part of the régénération of 
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the sexual éléments takes place, but that the limits of this period are 
not definitely determined by the condition of development of the 
germ-cells. In other words, the sexual condition of the animal is not 
the only determining factor to be taken înto considération. This is 
well shown by the variation observed in the testes of individuals in 
the same form as well as by the similarity of those from individuals 
of différent form, and also by the occurrence of individuals in which 
the altemation of forms does not regularly occur. 

SUMMÂRY. 

The principal points of this paper may be briefly summarized as 
f ollows : 

1. The altemation of forme, which Faxon observed for C, rusticuê 
Girard and C, propinquus Girard has been shown for C. immunis 
Hagen, and without doubt occurs in C. virilis Hagen. 

2. Exceptions to this altemation of form are to be found in adult 
indviduals. 

3. No différence can be detected between the testes of first- and 
second-form maies taken at the same time of year, either as regards 
gross anatomy or microscopic structure. So far as the présence of 
sexual éléments is concemed, therefore, the second-form maie is as 
capable of copulation as is the first-form. 

4. The second-form condition probably represents, in the adult in- 
dividual, the period in which the greater part of the régénération of 
the sexual éléments takes place. 

5. The parallel between the first- and second-form maies in Cam- 
ha7*us and the spring and fall exuviation of Astacus is probably not 
without significance. 

Labobatobt of Zooloot and HiSTOEiOOT, 

UnIVBBSITT of KAM8A8, MAY 20. 1901. 
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SPEBMâTOOENESIS OF THE MTBIÂFODS. 

Votée on the Bpennatoojtes and Spennatids of Boolopendra, I. 



BY M. W. BLÂCKMAN. 
With PUtet V. VI. VII. 



I.— IimODUCTIOM. 

U.— Matbeial awd Mbthods. 

m.— OB8BBYATTONB. 

1. Spennatoejrtes. 

2. Spermatids. 



IV.— COMPABISOIV OP LlTBBATUBB. 
V.— SUMMAKT. 

VI.— ExPLAHATioif OP Plates. 



I. — INTRODUCTION. 

In this paper it is my purpose merely to desoribe briefly certain 
appearances obeerved in the spermatooyteB and early 8X)ermatids of 
Scolopendra, leaving the complète spermatogenesis to be treated 
much more at length in a future paper, which I bope soon to hâve 
ready for publication. 

The terminology employed in this article will conform as closely 
as possible to that which bas been used in other papers coming from 
this laboratory ( by McClung^ and Sutton^), but from the very extraor- 
dinary character of my material, several new terms will necessarily 
be introduced. Thèse I hâve endeavored to make as descriptive as 
possible of the appearances designated. 

I wish to express my gratitude to Prof. C. E. McClung for advice 
and assistance in carrying on this work. My thanks are due also to 
Mr. W. S. Sutton for coUecting the material upon which thèse obser- 
vations were made, and for varions suggestions at différent times. 

II. — MATERIAL AND METHODS. 

The material upon which thèse observations were made was col- 
lected in June, 1900, in Russell county, Kansas, by Mr. W. S. Sutton. 
The preceding spring, however, some material from other forms of 
myriopods was obtained by Prof. C. E. McClung. This induded sev- 
eral speoies of both diplopods and chilopods. However, as the form 
coUected by Mr. Sutton proved more favorable, the greater part of 
thèse observations was made upon it. 

The species in question is the large reddish-brown Scolopendra, 

1. Iforinng, c. E., 1809: "A Pecaliar Naolear Elément in the Maie Beprodnotive Celle of 
Inteota.** Zool. Bull., toI. II, No. 4. Also, same aathor, 1900: '*The Spermatooyte Diviaioos of 
the Aorididae,'* Kan. Univ. Qaar., vol. IX, No. 1. 

2. SattoD, w. S., 1900: "The Spermatogonial DiTieions in Brachystola magna," Kan. Univ. 
Qaar.. vol. Ix, No. 2. 

^ • [61J-K.U.Qr.-Ax3-Appll,'01. 
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found abundantly in the Southwest. It is a large oentipede, aboot 
four inohes long and four Unes across. 

Each part of the paired testes, wbioh lie in the dorsal région, con- 
sists of a number of divisions. As a rule thèse divisions are made up 
of two follicles, tapering toward each end, placed side by side in such 
a way that they roughly resemble a diatom. Ocoasionally, however, 
they are single ; i. 6., they consist of only one f ollicle. The lobes are 
connected to the vas deferens by a duct attached to one end of each 
foUicle. 

The testes which I hâve thus far examined are far advanœd in de- 
velopment and contain very few spermatogonia. The other généra- 
tions of the germ-cell are, however, very well represented. 

The younger spermatocytes, with a few spermatogonia, are arrangea 
upon the periphery of the foUicle, while within are the later spermato- 
cytes and spermatids ; and, in the central portion, are large masses of 
later spermatids and spermatozoa in varions stages of formation. In 
most of the testes examined the spermatozoa are muoh more numer- 
ous than any of the other cell générations. 

In the manipulation of this material two fixing reagents were used : 
Flemming's chrom-osmium-acetio mixture and Gilson's nitro-acetic- 
sublimate mixture. Both of thèse fixatives gave excellent results, but 
Gilson's fluid was the better. The fixation with this was perfect, there 
being no shrinkage or other apparent distortions. 

Indeed, the only disadvantage of the Gilson fîxative is the difficulty 
experienced in the later manipulation. When embedded in paraffin, 
the material is so soft and spongy that it folds upon the knife in eut- 
ting. This difficulty was obviated in the following manner : The ma- 
terial was gradually carried up to absolute alcohol, from which it was 
transferred to celloidin and allowed to infiltrate thoroughly. Then 
the celloidin was allowed to evaporate gradually, until it was of the 
consistency of thick cream. Finally ail the surplus celloidin was re- 
moved, and the mass was cleared for several hours in chloroform. 
This accomplished, the spécimen was infiltrated with paraffin and em- 
bedded in the same substance. The material eut perfectly, without 
any wrinkling or distortion of the sections, and without any of that 
shrinkage of the cells which often occurs when the ordinary paraffin 
method is employed. 

In staining, a considérable number of reagents were employed. 
The best results were obtained with Heidenhain's iron-hœmatoxylin, 
used either alone or in connection with Congo red; Kemschwarz; 
and the Flemming three-color stain. Fair results were obtained also 
with Bismarck brown, methyl-green, cyanin, and Auerbach's methyl- 
green and acid fuchsin. 



Digitized by 



Google 



BLAGKMAN: SPERMÂTOGENESIS OF THE MYRIAPODS. 63 

III. — OBSERVATIONS. 

1. The Spermatocytea, The spermatocytes, as they anse from the 
telopbase of the last spermatogonial division, are very small in com- 
parisoD with the truly enonnous size attained by them later. Even 
in this stage their size varies somewhat, but the average diameter is 
not more than ten miora. At this time the nuoleus fills nearly the en- 
tire body of the cell, and its chromatin is in the form o£ a number of 
short, granular segments. (Fig. 1.) 

Thèse segments, by their disintegration and subséquent union, 
form the spireme seen in a later stage. (Fig. 2.) This spireme is 
similar in ail respects to that found in the spermatocytes of insects at 
the same stage of the prophase. 

The resemblance of the spermatocytes of myriapods to those of in- 
sects is still f urther emphasized by the présence, within the nuclear 
cavity, of that peculiar chromatio élément known as the accessory 
chromosome. 

As is the case in insects, this élément lies immediately against the 
nuclear membrane. It stains intensely with ail chromatin reagents 
employed. and in other ways behaves as does the accessory chromo- 
some of insects. It is peculiar, however, in that it is approximately 
spherical in form. 

At this stage, the cytoplasm, although much more voluminous 
than in the spermatogonia, is relatively small in amount as com- 
pared with what it becomes later. It is finely reticular in structure and, 
as far as observed, contains no centrosome or idiozome. Yolk ma- 
terial is sometimes présent in small quantities. 

When the cell has reached the stage represented in fig. 2, the 
chromatin spireme gradually breaks down, and the nucleus is fiUed 
with a looser, less densely staining retioulum, as represented in fig. 3. 
This reticulum continues to becorae finer and less dense, until the cell 
finally reaches the stage represented in fig. 4, where the nuclear 
cavity is fiUed with a beautif ul regular network composed of faintly 
staining fibers. Most of the cells remain in this condition until the 
active prophase begins with the formation of the tetrads. Some, 
however, go still farther, and in thèse the reticulum of the nucleus 
could not be distinguished from that of the cytoplasm were it not for 
the nuclear membrane enclosing it. Thèse cells are, moreover, larger 
than the ordinary ones at this stage. 

Meanwhile the accessory chromosome haB undergone very marked 
changes. It has increased in size much out of proportion to the rest 
of the nucleus, as is shown in fig. 4. It is still approximately spher- 
ical in form and shows the same affinity for chromatin stains which 
is characteristic of it in preceding stages. 

5-K.U.Qr. A-x2 
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Synchronously with thèse changes in the character of the nucleus, 
the cell has andergone a truly remarkable increase in size. In the 
early spireme stage the average diameter of the oeil was about ten 
micra ; now the average diameter is thirty-five micra, and the largest 
cells reach an enormous size, their diameter being about ninety micra. 
By this extensive growth the oytoplasm has increased in amount mach 
more than has the nucleus (fig. 4), but still shows its finely reticular 
structure. Embedded in the meshes of this network are large masses 
of yolk material. This food substance generally forms a zone sor- 
rounding the nucleus, the inner portion being but little denser than 
the cytoplasm, while the outer portion, which is often broken up into 
uneven projections, stains much more densely. Oocasionally the 
deutoplasm is not arranged in the manner described, but is distribated 
irregularly around the nucleus in masses of varions sizes. At this 
stage I hâve been unable to find any centrosome or attraction sphère. 

As will be seen from the plates, the spermatocyte, during this dif 
fuse reticular stage, approaches very nearly the egg type. Indeed, 
this similarity is so striking, that npon a superficial examination, I 
was indined to believe that thèse cells were really egg-cells, and, as 
varions stages of the maie germ-cells were alao présent, that the ani- 
mal, contrary to gênerai belief, was hermaphrodite. However, upon 
f urther study, this first impression was soon found to be erroneous, as 
the true character of the cells was then condusively apparent. 

So far as I hâve been able to leam, maie cells so very similar to the 
egg-cells hâve never been described. For that stage of the prophase 
in the spermatocytes of Scolopendra I wish to propose the name of 
the pseudo-germinaUvesicle stage, At this time the nucleus is, in ap- 
pearance, identical with the typical germinal vesicle of the egg. It is 
small in proportion to the amount of cytoplasm, and is situated some- 
what eccentrically. The reticulum is very similar in appearance to 
that of the immature ovum, and the accessory chromosome resembles 
very dosely the germinal spot of the female élément. Indeed, the 
later behavior of the accessory chromosome is very much like that of 
the germinal spot in those eggs in which the chromosomes are derived 
from this élément. 

From the diffuse germinal vesicle stage described, the chromatin 
reappears as a number of diffuse masses. Thèse quickly assume a 
form identical with that of the typical insect tetrad, described by 
Paulmier' in Anasa^ and by McClung* in Hippiscus, The process 
of the formation of thèse tetrads is so rapid that they often appear to 
arise from the diffuse pseudo-germinal- vesicle stage as well-deiined 

8. Paiilmier,F.C.1899: " The SpermatogeneBis of Ânasa tristis,*' Jour. Morph., toI. XV. Bnp- 
plement. 

4. HcCluDg, C. E., 1900, loo. oit 
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tetrads, witbont having passed through any of the intervening stages. 
Several of thèse tetrads may often be seen in a nuoleus, and among 
tbem are flaky masses of chromatin from which the rest are to be 
formed. In thèse nuclei the accessory chromosome is always irregolar 
in form and granular toward the outside, showing that the substance 
from which the tetrads are formed is derîved from its substance. Thèse 
tetrads assume ail the typical forms described for them in Anaaa and 
Hippiscus (fig. 6), and, as in the cells of those animais, may ail be 
ref erred to a single type, their apparent diversity of form being caused 
either by the point from which they are seen or by a slight natural 
modification. 

The tetrads, as they first appear, are rather elongated, the longi- 
tudinal split being much more pronounced than the transverse one. 
At first they are composed of rather coarse granules or flakes of 
chromatin loosely arranged, but, as the cell approaches division, the 
granules become finer and arrange themselves in masses, which stain 
much more densely with chromatin stains. ( Figs. 6, 7. ) 

It is at about this time that the centrosome appears. (Fig. 7.) It 
is first to be seen in the yolk material, which at this stage is coUected 
in a large, irregular mass at one side of the nucleus. The centrosome 
is a rather prominent dumb-bell-shaped body contained in a clear 
space, fairly well diflferentiated from the surrounding deutoplasm. 
At this stage it is not nearly so large as it becomes later, in the pro- 
phase and in the metaphase. 

From this time the movements of the centrosome oan be traced 
clearly, up to the telophase of the succeeding division. The dumb- 
bell-shaped figure elongates and finally constricts (fig. 8), forming 
two spherical bodies. Astral radiations then appear and the centro- 
somes move toward the nucleus and finally come to rest upon the nu- 
clear membrane. ( Fig. 9. ) The astral radiations become more marked 
and the centrosomes move slowly apart upon the membrane. (Figs. 
9, 10, 11, 12). 

When they hâve reached points about 100 degrees apart, the nu- 
clear membrane begins to disappear. That part over which the cen- 
trosomes hâve not passed in their migration is the first to be dissolved, 
while the portion between the centrosomes persists for some time, as 
is shown by the numerous cells in which it is still to be found. 
(Figs. 11, 12.) At this stage the astral rays are more marked than 
at any preceding time, but are not so prominent as they become later, 
in the metaphase and anaphase. 

While thèse phenomena hâve been occurring, the tetrads hâve also 
changed. They hâve lost their granular character and ragged out- 
line, hâve become much more homogeneous, and hâve assumed an ap- 
proximately spherical form. They can no longer be distinguished 
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from the acceseory chromosome, which, on account of its greater 
density and its nearly spherical form, could be easily observed up to 
this time. 

Since the pseudo-germinal- vesicle stage, the accessory chromosome 
has undergone several interesting changes. As we hâve seen, it is 
then remarkable for its large size and strong affinity for chromatin 
stains. In the active prophase foUowing this, while the chromatin is 
collecting in diffuse, flaky masses preparatory to tetrad formation, 
this élément decreases much in size, and at the same time its outline 
becomes very irregular. In a later stage, shown in figs. ô, 9, the con- 
tour of this élément has again become regular; it has resumed its 
spherical form, and has diminished in size, until now it is no larger 
than a chromosome in the metaphase of the first spermatocyte division. 
It goes to the equatorial plate without previously showing any sign 
of division. 

I can see but one plausible explanation for the behavior of the ac- 
cessory chromosome in the pseudo-germinal-vesicle stage and in the 
late prophase succeeding. While the nucleus is in the diffuse condi- 
tion, it would seem that the accessory chromosome acts as a store- 
house for practically ail of the chromatin of the cell, or, more 
properly, serves as a center around which the chromatin becomes 
condensed. As has been mentioned before, the later behavior is very 
similar to that of the germinal spot in some eggs. 

Wîth the disappearance of the nuclear membrane, mantle fibers are 
seen Connecting each centrosome with the chromosomes. (Fig. 11.) 
The chromosomes heretofore distributed irregularly throughout the 
nuclear space are drawn into the equatorial plate, and a very short 
spindle is formed. (Fig. 13.) 

Later the centrosomes move apart some distance, until the cell pré- 
sents the appearance represented in fig. 15. By this movement the 
shape of the chromosomes is altered somewhat, and they now show 
signs of division. At this stage the astral rays can be seen, Connect- 
ing the centrosomes with the cell membrane. They are very distinct, 
and there is no question but what they really extend from the centro- 
some to the cell membrane. From their séparation upon the nuclear 
membrane, up to this time, the centrosomes hâve been of an irregular 
spherical form. Now, however, their shape is changed, and they ap- 
pear as rather large, cone-shaped masses, with their apices turned 
toward the equatorial plate. (Figs. 15, 16.) At no time is the out- 
line of the centrosome exactly spherical. 

When the cell has reached this stage a very unusual thing occurs. 
By the contraction of the astral rays attached to the cell membrane 
the centrosomes are drawn still farther apart, and take up their posi- 
tion at points a short distance from the cell membrane. (Fig. 16.) 
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The peculiar thing is that the mantle fibers no longer converge to- 
ward the centrosomes, but to the points which the centroaomes occu- 
pied before their last migration. From this center of convergence, 
which I will oall the apical point, parallel strands of linin extend to 
the centrofiome. Thèse linin bands are, I believe, but the continua- 
tion of the mantle fibers. Radiating fibers are now seen extending 
out into the cytoplasm, from the apical point as well as from the cen- 
trosome proper, although those from the latter are much more distinct. 
The astral rays Connecting the centrosome and the cell membrane are 
still more pronounced at this stage. The centrosome is still conical 
in form. 

The centrosomes again move apart and take up their final position 
upon the cell membrane, where they are flattened out into rather large 
hemispherical bodies. Well-marked astral radiations still extend out 
into the cytoplasm. By thèse last movements of the centrosomes the 
chromosomes hâve been drawn apart, and, by the synchronous con- 
traction of the mantle fibers, hâve been drawn toward the pôles, and 
come to rest at the point at which the mantle fibers converge, where 
they are arranged in a densely packed mass. (Fig. 17.) 

When the chromosomes hâve taken up their final positions the 
cell-walls begin to constrict. As this proceeds the fibers Connecting 
the two daughter masses of chromatin are crowded together into a 
bundle, which finally présents the appearance represented in fig. 20. 
A midbody, or zwîschenkorper, is formed at the point where the con- 
stricting wall approaches this bundle of persîsting fibers. This is 
composed of a number of small, darkly staining bodies about equal in 
number to the chromosomes. Thèse bodies are arranged close together 
upon the periphery of the bundle in such a manner as to form a ring. 
( Fig. 20. ) A similar appearance has been described by McGregor* 
in Amphiuma, In Scolopendra^ however, this ring does not persist, 
as is the ciise in Amphiuma. 

The division figures of the second spermatocytes are very similar 
to those of the first. Indeed, the two générations can be distinguished 
only by the character of the chromosomes. A short spindle is formed 
( fig. 21 ), and the cell undergoes changes similar to those in the first 
spermatocytes. In the early telophase the cell présents the appear- 
ance represented in fig. 22. The daughter masses of chromatin are 
smaller than in the corresponding stage of the first division. The 
chromosomes are so closely massed together that the outlines of the 
individual éléments cannot be distinguished, although, of course, they 
do not lose their individuality. Connecting fibers extending from 
one daughter plate to another are plainly visible, and astral radiations 

5. McQregor, J. H. : " The Spermatogenesis of Amphinma,'* Jour. Morpb., vol. XV. Sup- 
plément. 
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are also to be seen proceeding out into the cytoplasm. The œntro- 
somes are rather large, hemiepherical bodies, in close contact with the 
cell-wall. Midway between the daughter plates the cell membrane 
shows évident signs of constriction. 

In a later stage, shown in fig. 23, the cell membrane constricts in 
the plane of division, and, as this advances toward the center of the 
cell, the fibers persisting between the daughter masses of chromatin 
are crowded together so as to form the well-known spindle remains. 
A midbody is formed, as in the telophase of the first spermatocytes. 
The centrosomes still persist, although they hâve diminished in size, 
and the astral radiations hâve disappeared. They are still to be foond 
in close contact with the cell membrane at the ends of the cell furthest 
from the plane of division. The cytopasm has resumed its reticular 
character. The last trace of yolk material disappeared at abont the 
time of the disintegration of the nuclear wall in the first spermato- 
cytes ( fig. 12 ), and none has yet reappeared. The chromosomes hâve 
become separated from each other and are irregularly distributed 
throughout the nuclear vesicle, which at this time is surrounded by no 
well-defined membrane. At this stage they still préserve their regular 
outlines. 

2. The Spermatids. The spermatids, as they arise from the last 
maturation division, are rather small cells, with the nucleus placed 
somewhat eccentrically. Fig. 24 represents one eut through the short 
diameter of the cell. The cell membrane is fairly well defined and 
the nucleus is spherical in shape, as usual. At first the chromosomes 
are regular in outline but soon break down, and the nucleus is occu- 
pied by a number of irregular chromatin masses. Linin fibers can 
be seen Connecting the chromatin masses. 

When the cell has reached this stage a very remarkable thing hap- 
pens. The nuclear wall sends out a projection upon one side ( fig. 25), 
and into this protubérance, which is still surrounded by the well- 
defined nuclear membrane, several of the irregular chromatin masses 
pass. Thèse are still connected with each other, and with the other 
masses of chromatin in the nucleus, by linin fibers. The number of 
thèse masses which pass into this bud or protubérance varies some- 
what, but is generally two or three. 

This protubérance soon shows signs of constricting off from the 
main body of the nucleus (fig. 26), and at this period the nucleus 
présents much the appearance of a yeast cell during the process of 
budding. This body, for which I would propose the name of itomere 
(the Word indicating the behavior of this body), becomes constricted 
off from the nucleus, and, moving out through the cytoplasm, finally 
passes through the cell membrane and is extruded from the cell. 
Various stages in the migration of this peculiar structure are repre- 
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sented in figs. 25 to 30. In fig. 26 the itomere bas nearly constricted 
ofF from tbe nucleus. In fig. 27 it bas left tbe nucleus and is seen 
free in tbe oytoplasm, surrounded by a ratber well-defined membrane. 
Tbe nnclear membrane remains open at tbe point from wbiob it was 
constricted, and tbe course tbe itomere bas taken tbrougb tbe oyto- 
plasm is plainly visible. In fig. 28 it is seen extending from tbe 
nucleus, witb wbicb it is still connected, to tbe cell membrane. In 
fig. 28 it bas reacbed tbe cell membrane, and in fig. 29 bas been ex- 
truded and tbe membrane bas apparently closed bebind it. 

In ail tbese cases tbe nucleus bas remained open, and tbe patbway 
left by tbe itomere in its passage tbrougb tbe cytoplasm can be 
plainly distinguisbed. Tbe best stain for demonstrating tbe stages 
just desoribed is obtained by using Heidenbain's iron-bœmatoxylin 
in connection witb Congo red. Tbe cbromatin, as usual, takes on a 
dense black stain, tbat of tbe nucleus and tbat of tbe itomere stain- 
ing precisely alike. Tbe ground substance of tbe cytoplasm takes on 
a transparent red stain, against wbicb tbe fibers forming tbe reticu- 
lum stand out plainly. Tbe patbway left by tbe itomere stains a 
little darker red tban tbe groundwork of tbe reticulum. 

Tbe budding prooess and tbe extrusion of tbe itopiere is accom- 
pemied and succeeded by a great increase in tbe size of tbe cell, as 
can plainly be seen by consulting tbe plates. At first tbis growtb is 
more marked in tbe cytoplasm (figs. 24-27), but later tbe nucleus 
also grows, altbougb not in proportion to tbe cytoplasm. (Figs. 29- 
31.) As far as I am informed, sucb a remarkable increase in tbe 
amount of cytoplasm bas never been described in tbe spermatids. 

During tbis growtb period masses of deutoplasm are présent in tbe 
cells in more or less abundance. Tbe first évidence of yolk observed 
in tbe spermatids appears at tbe time of tbe protrusion of tbe itomere. 

Tbus tbe formation and extrusion of tbe itomere seem to bave 
some connection witb tbe succeeding growtb of tbe cell and tbe ap- 
pearance of yolk substance, as well as witb tbe origin of anotber struc- 
ture conceming wbicb I sball speak later. 

I wisb now to retum to a considération of tbe bebavior of tbecentro- 
some. Tbe last time tbe centrosome was mentioned it was a ratber 
small, darkly staining body, in close contact witb tbe oeil membrane, 
upon tbat side of tbe cell fartbest from tbe plane of division. At tbis 
time no radiations are to be seen proceeding from it and it is sur- 
rounded by no idiozome or attraction spbere. From tbis place tbe cen- 
trosome can be traced for a time, but is lost. Later it reappears, and 
from tbis time can be traced to its final position in tbe middle pièce 
of tbe spermatozoon. It leaves its place upon tbe membrane and, up 
to a time wben tbe budding process is well under way, may be seen at 
varions places in tbe cytoplasm. Tbere it disappears and is not again 
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seen until tbe stage represented in fig. 30 is reached, when ît bas 
taken up ils position near the nucleus, at one side of tbe opening in 
tbe naolear membrane. At tbe time of tbe disappearance of tbe cen- 
troBome, masses of deutoplasm bave become abundant in tbe cell, and 
it is very probable tbat tbis élément is merely concealed by one of 
tbese and tbat it will be found on f urtber study. 

As before stated, tbe patbway left by tbe itomere in its passage 
tbrougb tbe oytoplasm can be easily distinguisbed. As tbe cell in- 
creases in size, tbis, instead of becoming more faint, as one migbt ex- 
pect, gradually becomes plainer and more easily distinguisbable (figs. 
29-33), until, in tbe stage represented in fig. 34, it stands ont as a 
densely staining black line — tbe axial filament. Tbis is formed, not 
by an outgrowtb or elongation of tbe centrosome, as bas been de- 
soribed for otber objects, but by tbe collection and condensation of 
tbe fibers of tbe cytoplasmic reticulum. In earlier stages (fig. 32), a 
cross-section of tbe patbway left by tbe itomere sbows a ratber 
diffusely staining area, toward wbicb tbe fibers composing tbe reticu- 
lum converge as toward a centrosome. At tbis stage, bowever, tbe 
centrosome can be clearly distinguisbed at a point near tbe nucleus 
and at one side of tbe position subsequently occupied by tbe axial 
filament. Later, it moves directly into tbe course of tbe future axial 
filament, wbicb, at tbis period, stains more densely, and, altbougb 
still somewbat granular and indefinite in appearance, stands ont mucb 
more distinctly tban at any préviens time. (Figs. 33, 34.) 

Wbile tbis is taking place tbe cytoplasm becomes vacuolated in 
tbe région surrounding tbe axial filament. The large, ratber elongated 
vacuoles extend witb tbeir longer diameters approximately parallel to 
tbe course of tbis structure. 

Tbe significance of tbis vacuolation appears to be in tbe fact tbat 
the previously fine reticulum is being broken down and reformed into 
fibers extending parallel to the axial filament, tbus leaving large 
clear spaces in tbe cytoplasm. In later stages tbese fibers become col- 
leoted and condensed, and in tbe mature spermatozoôn, altbougb they 
still préserve tbeir individuality, cannot be distinguisbed from each 
otber witbout tbe aid of macération. Tbe origin of tbe axial fila- 
ment in Scolopendra from tbe fibrillar reticulum of tbe cytoplasm 
agrées witb the discoveries by Ballowitz^ of the fibrillar cbaracter of 
tbis élément in spermatozoa. He describes it as being made up of a 
large number of parallel fibrillaB. 

Tbe axial filament being tbus definitely formed, fartber changes 
consist in its elongation, and tbis continues until it is several bundred 
micra in length. Its later growtb is accompanied by a correspondiug 

6. Ballowitz, E., 1S91: *'Weitere BeobachtuDgen aber den feiDoren Baa der Saogethier- 
spermatosoen." Zeitschrlft far wissenscbaftiiche Zoologie. Bd. LU. 
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lengthening of the cell. Wben the spermatid bas reached the stage 
shown in fig. 35, the cell outline in the région poetorior to the nucleus 
is very diflBcult to follow. 

An aorosome first appears at this stage, at the side of the nucleus 
opposite the base of the axial filament. This, at this time, is a spatu- 
late vacuole, which shows no aflSnity for chromatin stains. In later 
stages this body increases much in size and stains weakly with iron- 
hcematoxylin. ( Figs. 38, 39. ) 

Conceming the later changes in the spermatid I will say nothing in 
this paper, but will merely show a f ew of the observed stages by draw- 
ings. 

IV. — COMPARISON OP LITERATURE. 

The Accessory Chromosome, — Until quite recently the true nature 
of thô accessory chromosome was not understood, and by varions 
writers it has been classified among that very ill-defined group of 
bodies, the nucleoli. It was first observed by Henking,^ and by him 
called a nucleolus. Later observers, Vom Rath,® Wilcox,^ Moore,^** 
and Wagner," hâve evidently had much the same understanding 
of its nature, as they classified it similarly. In 1898 Montgomery^ 
found the same élément in the testioular cells of Pentatoma, but evi- 
dently did not fuUy understand its true character, as he called it the 
" chromatin nucleolus." 

In 1898 McClung" first correctly interpreted the character of this 
élément. He described it as a metamorphosed chromosome, and to it 
applied the name "accessory chromosome." 

In a paper which appeared the latter part of the same year, Paul- 
mier^* recognized its chromosomal nature and designated it the "small 
chromosome." This name appears to hâve been unfortunately chosen, 
as in many animais this élément is the largest and most conspicuous 
chromosome in the cells. In his material, Anasa tristis, the accessory 
chromosome takes on the shape of a oompletely f ormed tetrad without 
passing through any of the preceding stages. In the first spermato- 
cyte division it is divided along with the other chromosomes, but in 
the second, af ter remaining in the equatorial plate for some time, goes 
to one pôle undivided. 

7. Henking, H., 1^1: **Ueber Spermatogeoese und deren Beziehung sar Eatwicklang bei 
Pyrrhocoris aptenis." Zeitsch. f. Wissensch. Zool. Bd. XXV. 

8. Vom Eatb. O., 1802: '*Zar Kenotniss der Spermatogenese von Oryllotalpa valgaris." 
ArchiT f. Mikro. Aoat.. Bd. XI. 

8. Wileoz. E. V., 1805: " Spermatoffnoetis of Caloptenns femar-rabram and Cioada tibl- 
€011." Bail. Mai. Comp. Zool., vol. XXVII. 

10. Moore, J. E. S. : "On tbe Stractaral Changes in the Eeprodnotive Cells daring the Sper- 
matogenesis of Elasmobranchs." Quart. Joarn. Mier. Soi., vol. XXXVIII. 

11. Wagner, J., 1896: *' Beitrage znr Kenntniss der Spermatogenese bei den Spinnen." Arb. 
Nat. Qes., St. Petersborg, vol. XXVI. 

12. Montgoroenr, T. H., jr , 1898 : The Spermatogenesis of Pentatoma up to the Formation of 
the Spermaâd." Zool. Jahrb. Bd. XII. 

13. McClnng, C. E.. 1899, loo. cit. 

14. Paulmier. F. C. 1899, loo. cit. 
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McClung,^* in a later paper, describes the accessory chromosome as 
occurring in HippUcuê, In the spireme stage it is to be seen as a 
large, densely staining homogeneous body, in close contact with the 
nuclear membrane. In a latei* stage it leaves its peripheral position 
and takes on the appearance of a longitudinally split rod. It is di- 
vided by the first maturation mitosis, but in the second passes over 
bodily into one of the daughter cells. In Scolopendra, as far as I 
hâve observed, the accessory chromosome shows no sign of division in 
the prophase and goes to the equatorial plate as a spherical body. 

Sutton,^^ in his article on "The Spermatogonial Divisions in 
Brachyatola magnat describes the behavior of this élément in the 
spermatogonia. He throws much stress on the individuality of this 
élément, for, as he conclusively shows, "It maintains throughout the 
spermatogonial divisions, as well as those which foUow, an indubitable 
independence, being enclosed at ail stages, except those of actual di- 
vision, in its own individual membrane." As I hâve shown, quite a 
différent condition exists in the pseudo-germinal-vesicle stage of 
Scolopendra^ for at this stage ail the chromatin of the cell is con- 
densed into one deeply staining, homogeneous mass. 

Montgomery," in his article on Peripatus, fails to find an accessory 
chromosome, but describes a body which behaves very much like this 
élément. He gives at length his reasons for not considering it the 
"chromatin nucleus." However, I believe he is mistaken, and that 
the élément described is, in truth, the accessory chromosome. 

In comparing the accessory chromosome found in Scolope7idra 
with that described by thèse investigators, several points of différence 
are observed as well as many points of similarity. Its origin, staining 
reaction and its behavior in the early spermatocytes are very similar 
to that in insects, but in its behavior in the pseudo-germinal-vesicle 
stage, and in the succeeding stages, it is quite différent. As I hâve 
shown, it seems to act as a réservoir in which is deposited practically 
ail of the chromatin of the nucleus. Ât this stage it is enormous as 
compared with its former size. In the later prophase, part of the chro- 
matin forming this mass leaves the accessory chromosome and col- 
lects in diffuse granular masses, which eveutually form the tetrads as 
described. At this time the accessory chromosome loses its regu- 
lar outline and becomes granular toward the outside. When the 
tetrads are formed, however, it again assumes its homogeneous char- 
acter and regular outline, but has decreased in size until it is no larger 
than the ordinary chromosome in the metaphase. It can be readily 
distinguished from the other chromosomes up to the time of the dis- 

15. MeClanfiT. C. E.. 1900. loc. cit. 

16. SattoD, W. S., 1900. loc. cit. 

17. MoDt«omery, T. H., jr., 1901 : "The Spermatogenesis of Peripatns np to the Formation 
of the Spermatid." Anat. An. Bd. XVI. 
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intégration of the nuclear membrane. It goes to the equator without 
previoQB sign of division. 

Tetrad Formation, The typical process of tetrad formation in 
insects, as described by Paulmier^® in Anasa and McClung^^ in Hip- 
piscusy is as follows: The spireme splits lengthwise and segments 
into a number of rods equal to the maturation number of chromo- 
somes. Thèse double rods shorten, become more finely granular, and 
splît again transversely. At this time the typical form is represented 
by the cross-like figures shown in the plates ( figs. 5, 6, 7), although 
there are many modifications. Thèse cruoiform masses condense, be- 
come homogeneous, and stain more transparently. 

I hâve already described the process of tetrad formation in ScolO' 
pendra. In the formation of the tetrads from the diffuse, fiaky mass 
of chromatin arising in the pseudo-germinal- vesicle stage there seems 
to be no definite splitting of the segment, but the chromatin seems 
to colleot more densely at certain areas, and thus to form the tetrad 
figures. 

As regards the séquence of the longitudinal and cross divisions of 
the chromosomes, there seems to be muoh différence in the results of 
varions investigators on arthropods. Several observers, among whom 
are Vom Rath,^ Paulmier,^^ and Montgomery,^ describe the transverse 
division as occurring first. Hacker^ and McClung,^ however, find 
that the first is the équation and the second the réduction division. 
McClung lays especial stress upon the importance of the later pro- 
phase of the spermatocyte in determining the séquence of the foUow- 
ing divisions. His point seems to be very well taken, and, as in 
Scolopendra, as well as in IlippUcuBy the longitudinal cleavage is 
the first one made manifest in the prophase. I believe that the first 
mitosis results in the longitudinal division of the tetrads. 

The Budding of the Nucleus. In the maie germ-cell, nothing 
has been described, I believe, which corresponds to that peculiar 
structure which I hâve called the itomere. In the egg-cells of varions 
animais, however, a structure, similar in origin and, in some respects, 
in function, has been reported by several investigators. This is the 
yolk nucleus, as described by Blochmann, Scharff, Balbiani, and 
others.^ In the material upon which thèse investigators worked, the 
yolk nucleus is derived from the chromatin reticulum of the nucleus 

18. Paalmier, F. C, 1B89, loc. cit. 

19. MoClang. C. E. 1900. loc. cit. 

20. Vom Bath, O., 1882. loc. oit. 

21. Paulmier, F. C, 1899. loc. cit. 

22. Montgomery, T. H., jr., 1898 and 1901. loc. cit. 

28. Hacker, V., 1897; "IJeber weitere UebereinstimmaDgen zwischen den Fortpflanzungs- 
▼organgen der Theire nnd PAanzen." Biol. Cent., vol. 17. 

24. McClang. C. E., 1900, loc. cit. 

25. Wilson, E. B., 1900: "The CeU in Development and Inheritance." 
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by the prooess of budding. A protaberance appears upon the nucleos, 
is oonstricted off, and, passing oui into the cytoplasm, serves as a 
center aroand wbich the food substance of the ceil is formed. 

Thus, although the origin is similar in some respects to that I bave 
described for the itomere in the spermatids of Scolopendra^ its later 
behavior is very différent. The itomere migrâtes through the oyto- 
plasm, and is cast ont through the cell-wall. The movement of this 
structure through the cytoplasm is accompanied by the formation of 
yolk material and the rapid growth of the cell, but its most important 
function is quite différent. In its migration toward the cell-wall it 
seems to organize the cytoplasm and to mark out the cx>urse of the 
future axial filament. 

The Origin of the Axial Filament Regarding the origin of 
the axial filament there seems to be much unanimity of opinion 
among the more récent investigators. In 1895 Moore^ fouud that, 
in elasmobranchs, the axial filament is formed by the elongation of 
the centrosome. Quite similar results were obtained by other inves- 
tigators on the elasmobranchs, and in mammals and amphibians a 
like origin is ascribed to this élément. 

As regards its formation in arthropods,Paulmier'^ in Anasa, speaks 
of the axial filament as an outgrowth of the centrosome. Whether 
by this he means that, beginning with the centrosome at the base of 
the nucleus, the cytoplasmic reticulum is progressively condensed, or 
whether he believes it to be formed by a mère elongation of the centro- 
some, as in elasmobranchs, I cannot détermine. 

In either case its origin does not correspond to that in Scolopendra. 
In this material it certainly is not an elongation of the centrosome, 
and, just as surely, is not a progressive condensation of the cytoplas- 
mic reticulum, for at ail stages ail parts of the axial filament stain 
exactly alike. In my observations I hâve attempted to explain the 
true origin of this structure, and it will not be necessary to repeat it 
hère. 

V. — SUMMARY. 

1. The spermatocytes, as they arise from the diffuse stage succeed- 
ing the telophase of the last spermatogonial division, are small cells 
with very little cytoplasm, the nucleus fiUing nearly the entire cell 
body. The chromatin, with the exception of the accessory chromo- 
some, becomes arranged in a spireme, and the proportional amount of 
cytoplasm is much increased. 

2. The spireme breaks down, and a fine, weakly staining reticulum 
is formed. This becomes finer and less prominent until it is no stronger 
than the cytoplasmic reticulum. Meanwhile the accessory chromo- 

26. Moore, J. E. S., 1895. loc. oit. 

27. Paalmier, F. C, 1889, loc. cit. 
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8ome has inoreased enormously in size, much out of proportion to the 
rest of the nucleus. 

3. At this stage the appearance of the nucleus corresponds very 
closely to that of the germinal vesicle in the egg-cell. The cytoplasm 
has greatly increased, and large masses of yolk substance hâve ap- 
peared, surrounding the nucleus. On account of thèse characteristics 
this stage has been called the pseudo-germinal-vesicle stage. 

4. The chromatin appears after the pseudo-germinal-vesicle stage 
in the form of diffuse masses of chromatin, which quickly take on the 
cruciform shape characteristic of the typical insect tetrad. 

5. At the time of the formation of the tetrads, the accessory chro- 
mosome has decreased much in size and its outline has become irregu- 
lar. Later it again becomes spherical, and at this period is of about 
the size of a chromosome in the metaphase. 

6. Soon after the formation of the tétrade, the centrosome appears 
in the mass of deutoplasm as a dumb-bell-shaped body. It moves to- 
ward the nucleus, séparâtes, astral rays are developed, and the centro- 
somes move apart upon the membrane. When they hâve reached 
points about 100 degrees apart the nuclear membrane disintegrates, 
and the chromosomes are drawn into the equatorial plate. That part 
of the membrane over which the centrosomes hâve not passed disap- 
pears first, the rest persisting for some time. 

7. The accessory chromosome, freed of its surplus chromatin, can 
be distinguished up to the disappearance of the nuclear membrane, 
when it is drawn into the plate with the other chromosomes. It has 
previously shown no sign of division. 

8. The short spindle thus formed lengthens, and the chromosomes 
are drawn more into the equatorial plate. Astral rays may be dis- 
tînctly seen Connecting the centrosomes and the cell membrane. 
The centrosomes move apart again to a point a short distance from 
the cell-wall. The mantle fibers no longer converge toward the cen- 
trosomes, but toward the point (the apical point) occupied by them 
before their last migration. Between the apical points and the centro- 
somes the mantle fibers are drawn out into parallel threads. At this 
time the centrosomes hâve changed their form to that of a cône, with 
their apioes directed toward the point of the spindle. 

9. By the contraction of the astral rays the centrosomes are drawn 
to the cell-wall, where they are flattened out into hemispherical bodies. 
Synchronously the mantle fibers contract, the chromosomes are sep- 
arated, and the two daughter groups are drawn toward the pôles and 
take up their final positions at the apical point. 

10. The second spermatocytes can be distinguished from the first 
only by the shape and size of the chromosomes. 

11. Soon after the formation of the membrane, after the last ma- 
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turation division, a portion of the nucleus buds off, and, passing 
through the cytoplasm, is extruded from the cell. This is the itomere. 

12. The protrusion and casting ont of the itomere is accompanied 
and sacceeded by the formation of yolk masses and by a great increase 
in the size of the cell. 

13. The pathway left by the itomere, on its passage through the 
cytoplasm, persists and becomes stronger as the cell advances in de- 
velopment. It marks ont the course later taken by the axial filament. 

14. The axial filament is not formed by an elongation or outgrowth 
of the centrosome, but by the condensation of the cytoplasmic re- 
ticulum, along the Une marked out by the itomere in its passage to 
the cell wall. 

Labobatost of Zooloot and Hibtoloot, 
Umivkbsitt of Kanbas. 
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PLATE V, 

NoTB.— Ail drawings were made by the author, with the aid of a oamera luoida. 
A Bausch & Lomb one-twelfth-inoh objective and one-ioch eyepieoe were used. 
LeDgth of tube, 165mm.; caméra luoida aim., 95 mm.; magnin cation, about 1000 
diameters. Drawings not reduced in reproduction. 

Fio. 1. Early spermatocyte, showing small size of cell and relatively large size 
of nucleuB. 

Fio. 2. Later stage. The chromatin in the spireme condition. The cell bas 
grown somewhat and the amount of cytoplasm especially has increased. The 
dark body at one side of the nuclear cavity is the acoessory chromosome. 

Fio. 3. Considerably later stage. Cell has increased in size. The spireme is 
broken down and stains diffusely. The acoessory chromosome has increased 
much in size. Yolk masses in a halo around the nucleus. 

Fio. 4. The pseudo-germinal-vesicle stage, The chromatin, with exception 
of acoessory chromosome, arranged in a diffuse reticulum. The acoessory 
chromosome is at its maximum size and centaine practically ail the chromatin 
of the nucleus. 

FiG. 5. The chromatin is reappearing in the form of tetrads. The accessory 
chromosome has decreased much in size. Yolk mass at one side of nucleus. 

FiG. 6. Later stage in tetrad formation, showing several modifications of the 
typical form. 

FiG. 7. Later prophase. Tetrads shorter and more massed. Accessory chro- 
mosome plainly distinguishable. Centrosome first seen at this stage as a 
dumb-bell-shaped figure in the mass of dentoplasm. 

FiG. 8. The centrosome has movëâ toward the nucleus. Astral rays hâve 
formed. 

FiG. 9. The œntrosomes hâve reached the membrane and, having separated, 
hâve begun their migration apart. 

Fio. 10. Centrosomes still f urther apart. 

FiG. 11. Late prophase. The membrane has partly disappeared and the mantle 
fibers are seen Connecting the centrosomes and chromosomes. 

Fio. 12. Stage somewhat earlier than fig. 11. 

FiG. 13. Later stage, showing the short spindle. Chromosomes are arranged in 
the equator. Astral rays are seen extending to thé cell membrane. 

Fio. 14. The spindle has elongated and the chromosomes show signe of division. 

FiG. 15. Slightly later stage. « 
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^ PLATE VI, 

Fio. 16. lAter metaphase, showlng peouliar oharacter of spindle, with the man- 
tle fibere converging at the apical point, Centrosomes are conical in shape. 
Astral raye oonnect œntrosome aod oeil membrane. 

FiG. 17. Early telophase of first spermatooyte division, showing the position of 
the daughter groups of chromosomes. The centrosomes are hemîspherical 
in shape and are flattened against the cell membrane. 

FiG. 18. Later telophase, showing division membrane. The section is eut in snch 
a plane that the persisting spindle remains do not show. 

FiG. 19. Polar view of telophase of first spermatocyte. 

FiG. 20. Telophase showing persisting spindle remains. Midbody in the form of 
a ring. 

FiG. 21. Metaphase of second spermatocyte division. 

Fio. 22. Telophase of second spermatocyte. The cell-wall shows signs of oon- 
striction. 

Fio. 23. Liater telophase. The chromosomes are distributed throughout the 
nuclear vesicle. Spindle remains persist. Centrosomes still on the oeil mem- 
brane. 

Fio. 24. Early spermatid. 

Fio. 25. Later stage, showing the protubérance upon one side of the nucleus 
preparatory to the constriction of the itomere, 

Fio. 26. Later stage in the protrusion of the itomere. 

FiG. 27. Still later stage, with the itomere in the cytoplasm midway between the 
nucleus and the cell-wall. 

Fio. 28. Cell, showing the itomere extending from the nucleus to the cell-walL 

FiG. 29. Stage showing the itomere near the cell-wall. The pathway left by it 
in its passage through thé cytoplasm is plainly visible. 

Fio. 30. Later stage, showing the itomere extruded from the cell. Its course- 
through the cytoplasm is still to be seen. The nucleus is still open at the- 
place of constriction. The centrosome is seen upon one side of the opening. 
The cell has increased much in size. 
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PLATE VII. 

Fio. 31. CoDsiderably later stage. The itomere has disappeared. The oeil has 
growD much in size. The path left by the itomere is more marked than be- 
fore. 

Fio. 32. About the same stage, showing a orose-seotion of the forming axial fila- 
ment, with the fibers of the oytoplasmie retioulum radiating from it. 

Fio. 33. Later stage. The axial filament more nearly formed. The centrosome 
has moyed nearer its base. 

FiG. 34. Later stage in the formation of the axial filament. The cell has begun 
to elongate. The cytoplasm is broken up into elongated vacuoles extending 
parallel to the axial filament. 

FiG. 35. Much later stage. The cell body has elongated a great deal. The 
membrane of the posterior part of the cell has disappeared. On the aide of 
the nudeus opposite the insertion of the axial filament there is a large trans- 
parent aorosome. At this stage the nucleus has reached its greatest size. 

Fio. 36. About the same stage of a smaller cell. Acroeome not shown in the 
section. 

Fio. 37. The nucleus has become condensed and elongated. The acrosome 
stains more densely. The cytoplasm oontains strands of linin extending 
parallel to the axial filament. 

Fio. 38. The nucleus has become still further condensed and has elongated con- 
siderably. Acrosome stains darker. 

Fio. 39. The nucleus is still more condensed and takes a black stain. Acrosome 
also stains more strongly. 
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Lantern or Stereopticon Slides, 

Duplicates of the exteosive collection of original Lantern Slides, made ex- 
presslj for the University of Kansas, can be obtained from the photographer. 

The low price of 33è cents per slide will be chargea on orders of twelve or 
more plain slides. Colored subjeots can be supplied for twice the price of plain 
subjects, or 66i cents each. 

Send for list of subjects in any or ail of the following departments: 

PHY5ICAL GEOLOQY AND PALEONTOLOQY.-Eroaion, Glacière and Ice. Volcanoes 
and EraptioDs, Colorado Mountain Scenery, Arizona Soenery, Restoration of Extinct Ani- 
mais. Rare Fossil Remains, Kansas Physical Charactera, Cbalk Région and Irri^tion, Bad 
Ltands of Soath Dakota, Fossil Région of Wyoming, Microscopic Sections of Kansas Bnilding 
Stones, Evolution. 

MINERALOG Y.— Microscopic Sections of Crystalline Rocks, and of Clays, Lead Mining of 
Galena, Kan., Sait Manufacture in Kansas. 

BOTANY AXD BACTERIOLOQY.— Morphology, Histology and Physiologyof Plants. Para- 
sitic Fnngi from Nature, Disease Germa, Formation of Soil (Geological). Distinguisbed Bota- 
nists. 

ENTOMOLOGY AND GENERAL ZOOLOQY.— Insects, Corals, and Lower Invertebrates, 
Birds and Mammals. 

ANATOMY.— The Braio, Embryology, and Fnnctions of Sensés. 
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PHARMACY.— Médical Plaots in Colors, Cbaracteristics of Drugs and Adultérations. Anti- 
toxin, Norway Cod and Whale Fisbing. 

CIVIL ENGINEERING.- Locomotives and Railroads. 

PHYSICS AND ELECTRICAL ENGINEERING.-Electrical Apparatus, X-Rays. 

ASTRONOMY.— Sun, Moon, Planets, Comets, and Stara (many subjects in colora). 

50CIOLOG Y.— Kansas State Penitentiary, Indian Education and Early Condition. 

AMERICAN HISTORY.— Political Caricatures, Spanisb Conqueste. 

OREEK.— Ancient and Modem Architecture, Sculpture, Art and Tezts. 

GERMAN.— German National Costumes (in colors), Nibelungen Paintings, Life of William 
Tell. Cologne Catbedral. 

FINE ARTS.— Classical Sculpture and Paintings, Music and Artof Bible Lands,of Chaldea, 
Aasyria, Egypt. Palestine, and Armenia, Religions Customs of India, Primitve Art and Condi- 
tion of Man, Modem Paintings and Illustrations. 
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ADVERTISEMENT. 



The Kansas University Quarterly is maintained by the Uni- 
versity of Kansas as a médium for the publication ôf the results of 
original research by members of the University. Papers will be 
published only on reoommendation of Oommittee of Publication. 
Contributed articles should be in the hands of the oommittee at least 
one month prior to the date of publication. A limited number of 
author^s aeparàta will be turni$hed'fi:ee.ta cioirtributiM^. - 

In order to hâve the volume begin with the year, volume V of the 
Quarterly was closed with the number. for October, 1896, and has 
but two numbers ; but no issue was omitted. 

Beginning with volume VI, the Quarterly appears in two séries : 
A, Science and Mathematics ; B, Philology and History. 

The Quarterly is issued regulariy, as indicated by its title. Each 
number contains 50 or more pages of reading matter, with necessary 
illustrations. The four nùmbérs of each year constitute a volume. 
The price of subsoription is two dollars a volume, single numbers 
varying in price with oost of publication. Exchanges are soli<nted. 

Communications should be addressed,to 

H. B. Newson, 

University of Kansas, 

• LAVnRENCB. 



OOMMITTEE OF PUBLICATION. 

8. W. WILLI8T0N. £. C. FRANKLIN. 

W. C. 8TEVEN8. 8. J. HUNIER. 

H. B. NEW80N, Managing Editor. 
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ACTION OF LIQUID AMMONIA ON AOID OHLOBIDS 
AND ESTERS. 

BY EDWARD BARTOW AND DAVID F. MCFARLAND. 

The product of the action of ammonia gas or an ammonium com- 
pound on an ester of an organic acid, or on an acid chlorid, is gener- 
ally an acid amid. This fact is so well recognized that it is given as a 
gênerai method for the préparation of acid amids. It is stated thus in 
Beilstein's Handbuch der Organischen Chemie, volume I, page 1232 : 
"Die Amide entstehen bei der Einwirkung von Ammoniak auf die 
zusammengesetzten Aether organischer Sauren. Es ist angezeigt, 
bei môglicbst niederer Temperatur zu arbeiten und freie Alkohole 
fem zu halten (Bonz, Ph. Ch. 2, 900). In der Kftlte verlftuft die re- 
action sehr langsam, rascher beim Erhitzen unter Druck. . . . 
Leichter erhftlt man die Amide beim Behandeln der Anhydride mit 
Ammoniak, am bequemstén aber aus den Chloriden und concentrir- 
tem, wftsserigem Ammoniak (oder trokenem Ammoniumcarbonat)." 

It seems that the ammonia used for thèse amid synthèses has al- 
ways been in the foim of a gas, or combined in an ammonium com- 
pound, and that no one has published results of experiments in which 
liquid anhydrous ammonia was used as the source of the ammonia. 
The commercial use of liquid ammonia in the manufacture of ice has 
so cheapened it that it is now an adjunct to every well-equipped 
chemical laboratory, and it affords a convenient source of ammonia 
for many experiments. Its comparative purity and freedom from 
moisture recommend it for some synthèses, and it was particularly on 
account of thèse qualities that it seemed possible to use it for the syn- 
thèses of acid amids. 

A séries of experiments was undertaken, therefore, to ascertain, 
first, whether acid amids could be obtained by the action of liquid 
ammonia on acid chlorids ; second, whether they could be obtained 
from esters; third, the conditions goveming such reactions; and 
fourth, when amids are not formed, to ascertain what products are 
forraed. 

•-K.U.Qr. A-x 8 [79J-K.U.Qr.-A x 3-July, '01. 
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The ammonia used in tbe following expérimenta waa the commer- 
cial product. It was drawn directly from the cylinder into Dewar 
tubes, or more commonly into flasks, insulated by placing them in 
beakers and filling the space between the neck of the flask and the 
aides of the beaker with cotton. This seemed quite effective in pre- 
venting too rapid evaporation of the ammonia. 

ACTION OF LIQUID AMMONIA ON ACID CHLOBIDS. 

The chlorids first used were those of mono-, di- and trichloracetic 
acids. Our expérimente were carried on as follows : The chlorid was 
dropped slowly from a dropping funnel into a small insulated flask 
containing liquid ammonia. This produced a violent reaction, due 
not only to reactive tendencies of the two substances, but also to 
the great différence in their températures. The chlorid at the tem- 
pérature of the room was fully 60^ warmer than the boiling ammonia ; 
consequently, dropping the warm chlorid into the cold ammonia 
caùsed the latter to boil violently. So violent was the reaction that 
dense white fumes, probably composed of a mixture of the amid and 
ammonium chlorid, were given off. This loss was overcome, to a large 
degree, by cooling the chlorid to the température of boiling ammonia, 
by immersing the vessel containing it in a bath of ammonia, and then 
dropping ammonia into the cooled chlorid. When the first reaction 
was over the mixture was treated with an excess of ammonia, which 
was then allowed to evaporate. The amids were then obtained pure 
by extracting the white residue with chloroform. 

By this method the amids of the three chloracetic acids were ob- 
tained. They were identified by their characteristic melting-points, 
and this identification was supplemented in two of the compounds by 
chlorine déterminations according to the method of Carius. 
I. 0.1721 g. substance gave 0.3882 g. AgCl. 

Calculated for dichloracetamid, . . Found. 
CHCI2CONH2 

Cl 55.41% 55.76% 

II. 0.0731 g. substance gave 0.1952 g. AgCl. 

Calculated for trichloracetamid, . . Found. 

CClsCONHî 
Cl 65.49% 66.02% 

This method, which has proved so successful in preparing chlor- 
acetamids, did not, however, succeed with acetamid itself . A similar 
treatment of acetyl chlorid with liquid ammonia gave a mixture which 
possessed the unmistakable odor of acetamid ; but, thus far, our at- 
tempts to obtain crystals of acetamid hâve been unsuccessful. 

With bromacetyl chlorid a white mass was obtained, which did not 



Digitized by 



Google 



BARTOW AND MCFABLAND : LIQUID AMMONIA. 81 

melt at 200°, but which tamed red when heated or allowed to stand 
for some days. No amid was isolated. The only otber ohlorîds tried 
in this way were benzoyl chlorid and sulfuryl chlorid. From thèse 
benzamîd and sulfamid were obtained. 

The chief drawback in the above method is the diflSculty of freeing 
the amid from the ammohiam chlorid which is formed at the same 
time. Up to this time we hâve been prevented from further experi- 
ments with chlorids by our lack of pure spécimens. When such 
spécimens are secured, the experiments will be continued. 

ACTION OF LIQUID AMMONIA ON ESTERS. 

Since the action of aqueous and alcoholic ammonia on esters of or- 
ganic acids will cause the formation of amids, sometimes even in the 
cold, a séries of experiments with liquid ammonia and the esters 
promised good results. The expected reaction is as follows : 

RCOOC2H6 + NHa = RCONH2 + C2H5OH 
for the ethyl esters, and, more gênerai, 

RCOOR'+ NH8-RCONH2+ R'OH. 

Authorities differ as to the efifect of alcohol on amid synthesis. 
One (Bonz, Ph. Ch. 2, 900) says free alcohol must not be présent. 
Another uses alcoholic ammonia in the synthesis. It would seem to 
us that no gênerai statement should be made, since, in some of our 
experiments, we easily obtained well-crystallized products, while in 
others no crystals were obtained; possibly because of the alcohol 
formed by the reaction. 

The method of procédure was similar to that used with chlorids. 
The ester was dropped into the liquid ammonia contained in a small 
crystallizing dish insulated by cotton. A large excess of ammonia 
was used — from six to ten times the bulk of the esters. The dish was 
covered with a ground-glass plate and allowed to stand until the am- 
monia was ail evaporated. When a crystalline residue was obtained, 
it was dried on a porous plate and a melting-point détermination 
made. The reaction between the esters and the ammonia is not vio- 
lent, as when chlorids are used, so that when crystals can be ob- 
tained the method is much better than the chlorid method. 

Forty-two esters hâve been treated in this way. From nine of 
them, crystallized compounds were obtained which had melting- 
points corresponding to the melting-points given for the respective 
amids in the literature on the subject. Two gave compounds with 
higher melting-points, and seven gave products, with high melting- 
points, that were probably décomposition products. The remainder 
were apparently not acted upon. 

The first esters tried were those of the chloracetic acids. Thèse 
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gave 8uch good results that, by analogy, it might hâve been expected 
that the method would be gênerai in its application. The yield of 
amid in each case waa quantitative ; and they were, moreover, pure 
and well crystallized, yet, with the exception of cyanacetic ethyl ester, 
no others hâve given as good results. 

The reaction, too, was much less violent than the one accompany- 
ing the formation of the amids from the chlorids. The esters and the 
ammonia mix with little rise in the température of the ammonia. 

Cyanacetic ethyl ester gave a well-crystallized body which melted 
at 118°, agreeing with the melting-point of the substance given by 
Henry (Bl. 48, 656), but dififering from that assigned by Hoff 105° 
(J. 1864, 561). 

The ethyl esters of the fatty acids were tried, as follows : Formic» 
acetic, propionic, butyric, valeric, caprylic, and pelargonic. None of 
thèse yielded amids except pelargonic acid ethyl ester, which gave 
crystals mixed largely with the unchanged ester. When thèse crys- 
tals were freed from the ester, they gave a raelting-point of 99°, agree- 
ing with that given by Hofmann (B. 15, 984). 

From the results above described, it seemed probable that the sub- 
stitution of one or more hydrogen atoms in the alkyl radical of the acid 
by the halogen had some influence upon the readiness with which an 
amid could be formed. To test this hypothesis, the action of am- 
monia on the esters of a number of substituted fatty acids was inves- 
tigated, with the resuit that we hâve thus far obtained amids from 
only two of them, dibromacetic ethyl ester and chlorpropionic ethyl 
ester. Substances were obtained from thèse whose melting-points 
correspond to those recorded in chemical literature. From some 
of the others crystalline products were obtained, but the melting-points 
varied from those recorded for the expected amids. For instance, 
from the bromacetic ethyl ester a mass of white cubical crystals was 
formed, which did not melt below 200°, which sublimed at high tem- 
pératures, and which tumed red on being heated or af ter standing a 
a few days. This substance seems to be a mixture of ammonium bro« 
mid and some other compound, which we hâve not yet separated 
and identified, but which is possibly glycinamid or amidoacetamid. 
From tribromacetic acid ethyl ester white crystals were obtained 
which melted at 45° instead of 120°, the température at which tribro- 
macetamid should melt (Brezina, J. 1881, 673). The composition of 
this substance has not yet been determined. Bromin substitution 
products of esters of some of the higher fatty acids give solid resi- 
dues resembling that obtained from bromacetic acid ester and proba- 
bly consisting of ammonium bromid and décomposition products. 

The only chlorin substitution product besides the chloracetic 
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ethyl esters whioh was available was chlorpropionîo ethyl ester. 
Thas far the only product obtained from this ester bas shown a melt- 
iDg-I)oint of 72°, whioh is lower than that assigned to chlorpropion- 
amid, (80°), by Beckorts^Otto (B. 9, 1592). 

From the foregoing, it appears that the présence of chlorin or 
cyanogen in the alkyl radical aids in the formation of amids, while 
the weaker halogen bromin generally causes the componnd to break 
up with the formation of ammonium bromid and décomposition prod- 
ucts. We hâve tried, also, the action of a few esters in which the 
hydrogen of the alkyl is substituted by an organic radical. Thèse 
radicals do not seem to aid in amid formation. From phenylacetic 
ethyl ester we hâve obtained no results. From benzoylacetic ethyl 
ester a small amount of a substance was obtained, which melted at 
167°. This substance is apparently not identical with the benzoyl- 
acetamid of Obriga (A. 266, 232), which melted at 113°. 

Acetacetic acid ethyl ester gave a white crystalline substance, 
which, as the température rose to that of the room, quickly liquified, 
forming a yellow oil. This is undoubtedly the same substance men- 
tioned by CoUie (A. 226, 298), who says that at 0° acetacetic acid ethyl 
ester absorbs dry ammonia gas directly, forming an unstable addition 
product, CeHioOsNHs, which quickly goes over into amidocrotonio 
acid ethyl ester, C6H11NO2. 

From the esters of dibasic acids, there were available those of ox- 
alic, malonic, succinio and tartaric acids. Two of thèse only, oxalic 
and tartaric, gave amids by the above method. The oxamid formed 
very readily as a white, crystalline powder. It did not melt when 
heated to 200°, but sublimed at higher températures. From tartaric 
acid ethyl ester, after two treatments with ammonia, a small quantity 
of a substance, melting at 166°, was obtained. We can find no au- 
tbority for a melting-point of tartramid. 

The action of ammonia on the ethyl esters of lactic, leevulinic and 
citric acids was also investigated. None of thèse seemed to be 
changed by the treatment, except that the citric acid ester became 
slightly blackened. 

Four esters of aromatio acids were tried, ethyl benzoate, methyl 
benzoate, ethyl phthalate, and ethyl salicylate. Of thèse the phthalic 
ester gave a white crystalline compound, which melted at 175°. The 
melting-point of phthalamid, according to Bulow (A. 236, 188), is 219°. 

Four other esters hâve been treated in this manner. Two of them, 
orthoformic acid ethyl ester and ethyl carbonate, showed no change, 
but with ethyl chlorcarbonate a vigorous reaction took place; dense 
white fumes were formed, and a considérable quantity of an amor- 
phous white substance was left in the vessel. This did not melt 
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when heated to 200° but was partly.soluble. We hâve not yet deter- 
mined whether the substance is ammonium chlorid or whether some 
of the possible substances hâve been formed. 

ACTION OP ESTERS AT HI6HER TEMPERATURES. 

Our failure to obtain some amids by the above method might be 
due to the low température at which the reaction must take place, 
when the ammonia is boiling under ordinary pressure. Therefore, we 
attempted to get a more rapid and more complète reaction by heating 
the mixture of the ester and anhydrous ammonia. The esters were 
each sealed, with about four times their bulk of liquid ammonia, in 
strong glass tubes. In one séries of expérimenta thèse were allowed 
to warm to the température of the room, and in a second séries they 
were heated to 60° or 70°. The tubes were kept sealed for at least 
twelve hours. They were then cooled with boiling ammonia, opened, 
the ammonia evaporated oflf, and the residue examined. 

Eight esters, selected as being types of various acids, were treated 
in this way. Of thèse, acetic acid ethyl ester gave no definite results. 
Acetacetic acid ethyl ester formed a mass of crystals which remained 
for some time after the ammonia was evaporated, but which soon liq- 
uified on exposure to the air, forming an oily yellow liquid. We hâve 
not yet obtained a satisfactory melting-point for thèse crystals. Some 
of the crystals were at once sealed in a glass tube, and hâve been 
preserved in this way for more than a year. 

Malonic acid ethyl ester formed white crystals of malonamid, iden- 
titied as such by the melting-point, 170° (Hoflf, J. 1875, 528). 

Pelargonic acid ethyl ester formed a soapy mass when treated in 
this way. From this mass, crystals of pelargonic amid were obtained. 
The resuit agrées with that from ammonia at its boiling-point under 
ordinary pressure. 

Succinic ethyl ester, benzoic ethyl ester, benzoylacetic ethyl ester 
and ethyl carbonate gave no results. 

In the second séries of experiments, in which the tube containing 
the ester and ammonia was heated to 60° or 70° in a water-bath, six 
esters were used. Acetic ester gave a product which had the charac- 
teristic odor of impure acetamid, but we hâve not yet succeeded in 
isolating the pure substance. Tartaric acid ester formed the same 
white crystalline substance that was formed in the cold. 

From benzoic ethyl ester, succinic ethyl ester, valeric ethyl ester 
and benzoylacetic ethyl ester no results were obtained. 

With only one of the esters tried — malonic acid ethyl ester — hâve 
we had better results at higher températures than with the mixture of 
ester and ammonia at the boiling-point of the liquid ammonia. 
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CONCLUSION. 

The few acid chlorids tried, except bromacetylchlorid, gave amids. 
In DUT experiments with chlorids and Hquid ammonia, we hâve pre- 
pared the amids of the three chloracetic acids and benzamid. Mr. 
O. F. Stafford has prei)ared sulfamid. 

A few esters, especially the chloracetic ethyl esters, gave better ré- 
sulta in forming amids, and the opération was more easily carried out 
than with the corresponding chlorids. We hâve, by the addition of 
esters to liquid ammonia, prepared the amids of the three chloracetic 
acids, of dibromacetic acid, cyanacetic acid, chlorpropionic acid, 
pelargonic acid, oxalic acid, and tartaric acid. Malonic acid amid was 
formed only at a higher température. 

A few esters gave substances whose melting-points varied from 
those of expected amids found recorded in chemical literature. 

Many of the esters tried hâve given no well-crystallized amids un- 
der the conditions which prevailed in thèse experiments. The causes 
for this may be conjectured : First, the low température of the reac- 
tion, as shown in the case of malonamid, which was not formed at the 
température of boiling ammonia, but which form in a sealed tube at 
the température of the room ; second, the short time for the reaction 
allowed by the evaporation of ammonia from open vessels ; third, the 
reaction of ammonia on esters is réversible, and is even prevented by 
excesfl of alcohol (Bonz, Ph. Ch. 8, 900). 

We hope to carry our experiments farther, to identify the rest of 
the substances obtained, and to study the action of liquid ammonia 
on the esters at higher températures and in the présence of diluting 
média, such as ether and benzène. 
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A NEW THEORT OF OOLLINEATIONS IN SPAOE, II. 

BY H. B. NEWSON. 

NOTB.— In this journal, Seriae A, VoL VI, pp. 68-69, and Vol. IX, pp. 65-71, the writer has 
«nnmerated, diseassed and constmcted the thirteen types of ooUineations in space; alio in 
▼olnme X, No. 2, the propertiet of the fondamental ^ronp, Ga(ABCD) of type I were dis- 
enaaed. In the présent paper the same thing is done for types II, III, and IV. In future papers 
the remaining types of coUineations in spaoe wiU be treated in the same manner. This séries 
of papers will then be eztended to indnde the syntbetie détermination and disonssion of ail 
real oontinnoos groups of ooUineations In space and their classification acoording to the thir- 
teen types. 

A knowledge of the corresponding theory in one and two dimensions is assnmed on tlie part 
of the reader. A memoir on "A New Theory of CoUineations in the Plane," thongh written 
earlier than the papers of this séries, wiU appear some months henœ in the American Journal 
of Mathematicë. The memoir treats of ail real and imaginary ooUineations in the plane. 

The projected papers, of which the présent is the second, are designed to develop completely 
my theory of real coUineations in spaoe. The extension of the theory to indnde aU real and 
imaginary coUineations is so easy that it wiU readUy be made by most readers. The papers 
viU be pnbUshed in this journal as rapidly as possible.— h. b. n. 



A.— On the Group of CoUineations G^ABCI) of Type II 
and ita Subgroupa. 

The real ooUineations in space of type II show two subtypes, viz., 
hyberbolic and elliptio. In the first subtype the invariant figure is 
real in ail of its parts ; in the second subtype the points B and C are 
conjugate imaginary, and hence the Unes AB and AC and the planes 
ABl and ACl are also conjugate imaginary. Thèse two ccises must be 
treated separately. 

§1. The Group hGsCABCl) and its One-parameter Subgroups. 

The group hGz{ABCl). — A coUineation T of type II is com- 
pletely determined by the position of its invariant figure (ABCl) 
and three parameters k, k' and t. k is the constant cross-ratio along 
AB, k' that along AC, and t is the parabolic constant of the trans- 
formation along AC. In the hyperbolic case thèse three parameters 
are ail real and independent of one another, and hence there are oc'* 
coUineations, leaving the figure h(ABCl) invariant; they form a 
three-parameter group hGr8(ABCl). 

Theorem 1. The aggregate of ail coUineations of type II having 
the same invariant figure h (ABCl) forms a three-parameter group 
hG8(ABCl). 

One-parameter suhgroups ofhOz{ AB Cl ) . — The group hGsC ABCl) 
contains oc^ one-parameter subgroups, as we shall now show. Let us 

[87]-K.U.Qr.-A x 3-July, '01. 
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put k'=k^"'^, and k=a*; i. e., k=a* and k'=a<^''^^ where a and r are 
two real constants. We oonsider now the sysiem of collineations in 
hGsCABCl) whose x)arameters satisfy thèse relations. 

Let T and Ti be two collineations whose parameters are aS a^^'^^S t, 
end a*i, a^^'^^^i, ti, respectively. Their résultant, T2, has the parameters 
a*2, a<^'')'2, t2 where t2=t-f ti. Since there is only one variable para- 
meter, t, this System contains oc^ collineations; thèse form a one- 
parameter group, since the résultant of any two collineations of the 
System is again a collineation of the System. Such a one-parameter 
group is designated by hGi(ABCl)ar. 

There is a one-parameter group within hGsCABCl) for each real 

value of r and each positive value of a; hence hG8(ABCl) contains 

OD* one-parameter subgroups. The properties of one of thèse sub- 

groups are the same as the properties of a one-dimensional parabolic 

group. 

Theorbm 2. The group hG8(ABCl) contains oc* one-parameter 
subgroups ; for each of thèse subgroups a and r hâve fixed values, and 
t is the variable parameter. 

Invariant curvea and surfaces of h0z{ABCl)9^r. — The one-para- 
meter group hGi(ABCl) leaves invariant, besides the fundamental 
figure h(ABCl) a System of oc* path curves and certain Systems of 
surfaces passing through thèse path curves. We find the équations 
of thèse invariant surfaces as foUows : 

Let (ABCD), where D is some point on 1, be the tetrahedron of 
référence, and let T be a collineation of the group hGi(ABCI) 
which transforms a point P whose coordinates are ( x, y, z, w ) to Pi 
whose coordinates are (xi, yi, zi, wi). Pass planes through PAC and 
PiAC. Writing out the cross-ratio of the four planes through AC we 
hâve 

^ = 7 = a'. (1) 

since this cross-ratio is the same as that along the line AB. In like 
manner we dérive the équations 

^:i = a('-)<. (2) 

^:^=a-", (3) 

Suppose that P is a movable point and Pi fixed, so that any func- 
tîon of the coordinates of Pi only is a constant. Eliminating t from 
(1) and (4) we get 

w 

za^=Cx, I 

which is the. équation of a family of invariant cônes with vertices at 
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C. In like manner eliminating t from (2) and (4), (1) and (2), and 
(3) and (4) we hâve, respeotively, 

za »=Cy, II 

x«-ly = Cz^ III 

ya^^Cx. IV 

Equations I, II, III give families of invariant cônes whose vertices 
are respeotively at C, B, and A. Equation IV represents an invariant 
family of ruled surfaces not conical. 

We hâve thus found four families of ruled surfaces which are in- 
variant under ail the coUineations of the group hGi(ABCl). The 
path ourves of the group are the oo^ common intersections of thèse 
families of surfaces. 

Theorem 3. There are four distinct families of ruled surfaces 
invariant under ail the coUineations of the group hGi(ABCl); three 
of thèse are families of cônes. The (x? curves of intersection of thèse 
invariant surfaces are the path curves of the group. 

§2. TWO-PARAMETER SUBGROUPS OF hOsCABCl). 

Two-parameter groupa leaving invariant a family of surfaces. — 
If r remains constant while a assumes in tum ail real values between 
and 00, and we hâve oc* one-parameter groupa, ail of whose trans- 
formations leave invariant the family of cônes given by équation III, 
for the équation of this family of cônes is independent of a. The path 
curves of the oo^ one-parameter groupa ail lie on thèse cônes. This 
System of oc^ coUineations forms a two-parameter group hGî(ABCl)r; 
the parameters of this group are a and t. The group hG8(ABCl) 
contains oo^ two-parameter subgroups, onefor each real value of r. 

In like manner if a is constant and r varies, we get a two-parameter 
group, leaving invariant the family of cônes given by équation I. 
Again, if a and r vary in such a manner that a^^"'^ is a constant, we 
get a two-parameter group leaving invariant the family of cônes given 
by équation II. Finally, if a and r vary so that a' is constant, we 
hâve a two-parameter group whose invariant family of surfaces is 
given by équation IV. 

Thus we see that the group hG8(ABCl) contains four singly 
infinité Systems of two-parameter subgroups ; three of thèse Systems 
leave invariant families of cônes, and one System leaves invariant a 
family of ruled surfaces. 

Theorem 4. The three-parameter group hG8(ABCl) contains four 
«ingly infinité Systems of two-parameter subgroups ; thèse are given 
by r=const.; a=const.; a^''^^const., and a^'^^const. 
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§3. SOME PrOPERTIES OP THE SUBGROUPS OP hG8(ABCl). 

Négative values ofk aiid k\ — The three parameters of hG8(ABCl), 
viz., k, k\ t, are ail real and eaoh may assume in tum ail real 
values, both positive and négative. Let t, k and k' be taken to be 
the rectangular coordinates, x, y, z, respeotively, of a point in a space 
S. Evidently tbere is a collineation in hGa(ABCl) corresponding to 
each point in S. The one- and two-parameter groups in hGg( ABCl) 
are represented by curves and surfaces in S. The System of curves 
given by the équations 

y=a* and z=a^*''^*, V 

in whioh a and r are parameters, represents the System of one-para- 
meter subgroups of hG8(ABCl). 

In order that the curves given by équations V shall be continuons 
curves the value of a must be positive. The curve lies always on the 
positive side of the plane y^^O and on the positive side of z=0; 
hence it is confined to the first and second octants. The curves of the 
family y=a* and z=^a^^"'^* contain every point in the first and second 
octants but no points in the other six octants. Consequently the 
group hG8(ABCl) con tains transformations which are not in- 
cluded in any of its subgroups. In fact, only one-third of ail the 
transformations in hG8(ABCl) are to be found in its subgroups; the 
transformations for whioh k and k' are négative cannot be generated 
from infinitésimal collineations in group hG8(ABCl). 

The curves ail pass through the point (0, 1, 1). This point cor- 
responds to the identical transformation which belongs therefore to 
every one-pararaeter subgroup of hGsCABCl). Every curve of the 
System is asymptotic to the axis of x, to the right or to the left according 
as we hâve a < 1 or a > 1. 

Theorem 5. Only one-third of the collineations in the group 
hG8(ABCl) belong to its one-parameter subgroups and are generated 
from infinitestimal collineations in hGsCABOl). 

§4. SoME Spécial Subgroups of hGsCABCl). 

Two-parameter mbgroups of types VIlIj IX, and XL — The para- 
meters k, k' and t in hG8(ABCl) may hâve such values that the 
transformation along one or more of the invariant Unes of the figure 
(ABCl) is identical, so that every point on such a Une is an invariant 
point. In such cases the collineations are of another type than II. 

If t=0 and k and k' vary independently, the one-dimensional 
transformation along Al is identical, and we hâve a two-parameter 
subgroup of type VIII in hG8(ABCl). If k'=k, the one-dimensional 
transformation along BC is identical, and there results a two-para- 
meter subgroup of type IX in hG8(ABCl). If k=l ork'=l, the 
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one-dimensional transformations along AB and AC, respectîvely, are 
identical, and there résulta in each case a two-parameter sabgroup of 
type XI in hGsCABCl). 

In terms of tbe parameters a, r and t the subgroup of type VIII 
resnlts when a= oo ; the subgroup of type IX results when r=0 ; the 
two subgroups of type IX resuit when r=l and oo respectively. 

Theorem 6. The group hGsCABCl) contains one two-parameter 
subgroup of type VIII, one of type IX, and two of type XI. 

Suhgroupa of types F/, VII and X in hGz{ABCl), — If t=0 and 
k^=l, the transformation in the plane ABl is identical and leaves in- 
variant ail points in the plane. The corresponding oollineations in 
space are of type VI, C being the vertex and ABl the axial plane. 
The remaining parameter k' gives us a one-parameter subgroup of 
type VI in hGsCABCl). In like manner, if t=^0 and k'=l, we hâve 
a one-parameter subgroup of type VI whose vertex is B and whose 
axial plane is ACl. 

If k^=l and k'=l, the coUineation in the plane ABC is identioal, 
the parameter t gives us a one-parameter subgroup of type VII in 
hGj(ABCl); A being the vertex and ABC the axial plane. 

If t=0 and k'=k, the one-dimensional transformations along AC 
and BC are both identical ; there results a one-parameter subgroup of 
type X in hGslABCl). 

In terms of a, r and t the subgroup of type VII is given by a=l ; 
the two subgroups of type VI are given by t=0 and r^-^1, t=0 and 
r= Qo, respectively ; the subgroup of type X is given by t=0 and r=0. 

Theorem 7. The group hG8(ABCl) contains one one-parameter 
subgroup of type VII, two of type VI, and one of type X. 

Other spécial subgroxips of kG%{ABCl). — There are only three 
other spécial subgroups of hGaCABCl) to be noticed; thèse are 
when the path curves in the plane ABC are conics. Thèse path 
curves are conics for three values of r, viz., r=^ — 1, 2, 1/2. When 
r:^2 the conics hâve double contact at B and C; when r^ — 1 or 1/2 
the conics hâve double contact at A and C, A and B, respectively. 
Thèse are two-parameter subgroups of hG8(ABCl). 

§5. The Elliptic Case eGsCABCl). 

Parameters of eGz{ A B Cl), — In the elliptic subtype of type II, 
where the points B and C are conjugate imaginary, the theory is 
somewhat différent from that of the hyperbolic subtype. In the 
plane ABC the two-dimensional oollineations of the elliptic sub- 
type and the parameters are^iven in the form k^^ exp.(c + i)tf ; thus 
c and B are the parameters. The three parameters of eGs are there- 
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fore o, tf, and t. It is oonvenient to replace by nt and thus hâve 
c, n, t as the three parameters. 

Let T and Ti be any two coUineations of the group eGsCABCl) 
for which the parameters are c, n, t and ci, ni, ti, respectively. Let 
the values of the i)arameter8 of the résultant be ca, na, t». We hâve, 
therefore, t2=t + ti, n2t2=nt + niti, and C2n2t2=cnt + ciniti. 

One- and two-parameter subgroupa of e6z{ABCl), — If c and n 
remain constant and only t varies, we get a one-parameter subgroup 
of eGs. If c is fixed and n and t vary, or n fixed and c and t vary, there 
resuit two-parameter subgroups. Thus we hâve two distinct singly 
infinité Systems of two-parameter subgroups and oo^ one-parameter 
subgroup of eGsCABCl). The path curves of the one-parameter 
subgroup are, except in very spécial cases, transcendental curves ; in 
thèse spécial cases the subgroups are of other types than type II. 

Spécial subgroups of eGz{ABCl). — If t=0 and c and d vary, the 
transformation along the Une Al is identical and there remains a two- 
parameter elliptic subgroup of type VIII. When c=od, n=0, 
en dt 0, the transformation along BC is identical, and there results a 
two-parameter subgroup of type IX. When c=oo, n=0, and cn=0, 
the transformation in the plane ABC is identical, and there results a 
one-parameter subgroup of type VII. When t=0, c^^oo, n=0, and 
cn=0, i, e., when the conditions for a two-parameter group of type 
VIII and type IX are simultaneously f ulfiUed, the transformations 
along both Al and BC are identical, and there results a one-parameter 
subgroup of type X. The elliptic group eGsCABCl) has no real 
subgroups of types VI or XI. 

Theorem 8. The group eGsCABCl) contains one two-parameter 
group of type VIII and one of type IX ; also one one-parameter sub- 
group of type VII and one of type X. 

The group eG8(ABCl) contains one other two-parameter subgroup 
worthy of spécial notice. When c=0 the path curves of the one- 
parameter group of coUineations in the plane ABC are conics having 
double contact at B and C. This group dérives its importance from 
the fact that, in case the plane ABC is at infinity and the points B 
and C are the circular points in the plane, it becomes the group of ail 
screw motions about the Une 1 as an axis. 
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B.—On the Group of Collineations Gif ABU') of Type III and ita Sub- 

groupa. 

§1. The Group GaCABU') and its One-parameter Subgroup. 

The group Gz{ABll'). — A real collineation in space of type III 
leaves invariant a figure (ABU') real in ail of its parte, coneisting of 
two points A and B and their join ; two Unes 1 and T, the first 
through A and the second through B ; and hence also the two planes 
ABl and ABl'. The one-dimensional transformations along 1 and Y 
are both parabolic ; that along AB hyperbolic. The plane collinea- 
tions in the invariant planes ABl and ABl' are both of type II. 

A coUineation T of type III is completely determined by the posi- 
tion of its invariant figure (ABU') and three parameters k, t, t'; k is 
the constant cross-ratio along AB, t is the parabolic parameter along 
AI, and t' that along Bl'. Thèse three parameters are ail real and 
vary independently ; hence there are oo* collineations of type III, 
leaving the fundamental figure (ABU') invariant; thèse form a 
three-parameter group G8(ABir). 

Thboreh 9. The aggregate of ail collineations of type III in space 
having the same invariant figure (ABU) forms a three-parameter 
group GstABll'). 

OnS'parameter subgrovps of 6z{ABU'), — It will now be shown 
that the group G8(ABir) contains oo* one-parameter subgroups. 
Let k=a^and t'=nt, where a and n are constants; a is necessarily 
positive. By imposing thèse conditions on the parameters k and t', 
we sélect from G8(ABir) a System of oc^ collineations. The proper- 
ties of this System are now to be examined. 

Let T and Ti be two collineations whose parameters are respectively 
a*, nt, t, and a*i, nti, ti. Their résultant, T2, has the parameters a*», n^ta, 
U, For along Al we hâve t2= t + \\\ along Bl' we hâve n2t2=nt + niti ; 
along AB we hâve k2=kki=a*. a*i=a'+S. Hence the System of 00* 
collineations, whose parameters are a*, nt, t, forms a one-parameter 
continuons group whose parameter is t. This group is designated by 
Gi(ABir)an. 

There is a one parameter subgroup within G8(ABir) for eaoh 
value of n and each positive value of a; hence G8(ABir) contains 
OD* one-parameter subgroups. The properties of one of thèse sub- 
groups are the same as the properties of a one-dimensional parabolic 
group. 

Theorem 10. The group G8(ABir) contains ex? one-parameter 
subgroups ; for each of thèse subgroups a and n hâve fixed values and 
t is the variable parameter. 

7-K.U.Qr. A-x3 
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Invar iitnt curvea and surfaceê of 0\{ABIV), — We shall now dé- 
termine the Systems of invariant surfaces of the one-parameter gronp 
Gi(ABll'), whose intersections are the oc* path ourves of the gronp. 
Let (ABCD), where C is some point on Y and D some point on 1, be 
the tetrahedron of référence ; and let T be a coUineation of the gronp 
Gi(ABir) which transforms a point P, whose coordinates are (x, y, 
z, w) to Pi whose coordinates are ( xi, yi, zi, wi). Pass planes throngh 
PAl, PiAI, PAl', PiAl', PAR, and PiAB. We obtain at once the 
f ollowing équations : 

£.._i = t'=nt, (1) 

7f-Y = t, (2) 

^f = a'. (3) 

By eliminating t from thèse équations of transforn^aHon we obtain 
the foUowing équations of invariant surfaces of Gi(ABir): 

w 

y = Ca% I 

y = Ca"'z, II 

(x — cy)z=nwy. III 

Equations I and II represent farailies of transcendental ruled 
surfaces while équation III always represents a family of quadric 
surfaces. The intersections of thèse three Systems of surfaces are the 
path curves of the gronp Gi(ABir). 

Theorem 11. There are three distinct familles of ruled surfaces 
invariant under ail the coUineations of the group Gi(ABir); two of 
thèse familles are transcendental surfaces and one is a family of 
quadrics. Thèse surfaces intersect in the path curves of the group. 

§2. TWO-PARAMETER SUBGROUPS OF GaCABU'). 

Suhgroups with transcendental invariant surfaces, — Let a, n and 
t be the three parameters of G8(ABir). If a remains constant 
while n and t vary, we hâve a one-parameter subgroup ail of whose 
transformations leave invariant the family of transcendental surfaces 
given by équation I. Thèse form a two-parameter group, and there 
is one such group for each positive value of a. 

If a and n vary in such a manner that a" remains constant and t 
varies independently, we get a two-parameter subgroup of GsCABU'), 
leaving invariant the family of surfaces given by équation II. There 
is one such subgroup for each value of the constant a°. 

Suhgroups with invariant quadric surfaces, — If n remains con- 
stant and k and t vary independently, we hâve a two-parameter sub- 
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group, leaving invariant the family of quadrio surfaces given by 
équation III. There is one suoh subgroup for each value of n. 

The Unes 1 add V are two generators of the same System and AB a 
generator of the other System on every invariant quadrio. Thèse in- 
variant quadrics always hâve both Systems of generators real. 

Theorem 12. The three-parameter group GsCABU') contains 
three singly infinité Systems of two-parameter subgroups. Thèse are 
given by a = const. ; a° = const. ; and n = const. Every collineation of 
type III leaves invariant a family of quadrio surfaces. 

§3. SoME Properties op THE SuBGROUP op G»(ABir). 

Graphie représentation of subgroups of Oz{ABlV), — The three 
parameters t, t', k of GaCABU') are ail real and may be taken as the 
coordinates x, y, z, respectively, of a point in a space S. There is a 
collineation of the group for each real point in S. The one- and two- 
parameter subgroups of G8(ABir) are represented by curves and 
surfaces respectively in S. 

The surfaces given by the équations 

z=a* and y = nx 

represent the two-parameter subgroups, and their curves of intersection 
represent graphically the one-parameter subgroups of G» (ABU'). 

Thèse curves representing the one-parameter subgroups lie entirely 
in the space above the plane z=0. No collineation in G8(AB11') 
with négative value of k belongs to one of its one-parameter sub- 
groups. Consequently one-half of the coUineations of the group can- 
not be generated from infinitésimal coUineations of the group. 

The point (0, 0, 1) is on every curve of the System representing 
the subgroups ; hence the identical collineation is common to every 
one-parameter subgroup of GaCABU'). Other properties of thèse 
groups are easily deduced from the properties of this family of curves. 

Theorem 13. Only one-half of the coUineations in GaCABU') be- 
long to its one-parameter subgroups and can be generated from the 
infinitésimal coUineations in GM(ABir). 

§4. SoME Spécial Subgroups op GsCABU'). 

Two-parameter subgroups of types IX and XI L — The invariant 
figure of a collineation of type III has three invariant Unes, Al, Bl', 
and AB. If t or t' is zéro, the one-dimensional transformation along 
Al or Br, respectively, is identical, and the resulting collineation is 
of type IX. If k and one of the t's vary while the other t is zéro, we 
hâve a two-parameter subgroup of Ga(ABir). Thus Gg(ABU') con- 
tains two two-parameter subgroups of type IX. 

If k = l, the one-dimensional transformation along AB is identical 
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and ail points on the line are invariant ; thus a transformation of this 
kind is of type XII. If t and t' vary while k=l, we hâve œ* coUinea- 
tion of type XII, ail having the same invariant figure and forming a 
two-parameter subgroup of GsCABU'). 

Theorem 14. The group G8(ABir) contains two two-parameter 
subgroups of type IX and one of type XII. 

One-parameter subgroups of types VII and X, — If t=0 and k=l, 
the coUineations in the plane ABl are identical, and the resulting 
collineations in space are of type VII and form a one-parameter sub- 
group. In like manner, if t'=0 and k=l, we hâve another one-para- 
meter subgroup of type VII, ABl' being the axial plane and B the 
vertex of its invariant figure. Thus G8(ABir) contains two sub- 
groups of type VII. 

If t=0 and t'=0 while k varies, the resulting oo^ ooUineations are 
of type X and form a one-parameter subgroup of this type. Al and 
Br are the two axes of the skew perspective coUineation and k is the 
parameter. 

Theorem 15. The group Gs(ABll') contains two one-parameter 
subgroups of type VII and one of type X. 



O.—On the Qroup of Collineations Qi(ABIp) of Type IV and its 

Subgroups, 

§1. The Group G4(ABlp) and its Subgroups. 

T/ie group Gi(ABlp), — A real collineation in space of type IV 
leaves invariant a figure (ABlp) real in ail of its parts, consisting of 
two planes p and p' intersecting in a line 1, two points A and B and 
their join Y in the plane p, A being on 1. The one-diroensional 
transformations along 1 and V are parabolic and hyperbolio, re- 
spectively. The two-dimensional transformations in the planes p and 
p' are of types III and II, respectively. 

A collineation T of type IV is completely determined by its in- 
variant figure (ABlp) and four parameters k, t, n, h ; k is the constant 
cross-ratio along AB, and t, n, h are the three parameters of group of 
plane collineations of type III in the plane p. Thèse four parameters 
are ail real and may vary simultaneously, thus giving oo* collineations, 
ail having the same invariant figure. Thèse form a four-parameter 
group G4(ABlp). 

Theorem 16. The aggregate of ail collineations of type IV having 
the same invariant figure (ABlp) forms a four-parameter group 
G4(ABlp). 

One-para7ïieter subgroups of Oa{ABIp). — The group contains 
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oc^ one-parameter subgroupe. To show this, let k=a* and let a, n and 
h be constants. There are oc^ coUineations in the group G4(ABlp) 
whioh satisfy thèse conditions. In the plane p the plane collinea- 
tions form a one-parameter group of type III, and in the plane ABl 
they form a one-parameter group of type II. t is the single inde- 
pendent variable parameter. Thèse oo^ coUineations in space evidently 
form a one-parameter group. There are oc^ such groups in G4( ABlp), 
one for each positive value of a and each real value of n and 
h. Such a one-parameter group is designated by Gi(ABlp)anh. 
The properties of the group Gi(ABlp)anh are those of a one-para- 
meter parabolic group in one dimension. 

Theorem 17. The group G^CABlp) contains oc^ one-parameter 
snbgroups Gi(ABlp)anh; for each subgroup a, n and h are con- 
stants and t is the variable parameter. 

Invariant curves and surfaces of 0\{ABlp)anh. — The Systems 
of invariant surfaces whose intersections are the path curves of the 
group Gi(ABlp)anh are determined as foUows: Let (ABCD), where 
C is on 1 and D in the plane p, be the tetrahedron of référence, 
and let T be a coUineation of the group Gi(ABlp) which transforms 
the point P= ( x, y, z, w) to Pi=( xi, yi, zi, wi). From the properties 
of the invariant figure we easily obtain the foUowing équations of 
transformation : 

77 = 7 = -^ (1) 

ir-|-=t. (2) 

By elîmînatîng t from thèse équations taken two and two we ob- 
tain the foUowing : 

y_ 
X = Ca^ z, I 

X z X 

w log'z y . w log'z" y lo^'z p jj 

z "loff a z "» 2 log» a "log a ~ ^' ^^ 

fy^+hyz — wz=-Cz^ III 

Thèse équations representi;he invariant familles of surfaces whose 
iatersections are the path curves of the group. Equation III is a 
System of quadric cônes with vertices at B and the line AB as a com- 
mon élément. 

Theorem 18. There are three distinct familles of ruled surfaces in- 
variant under ail the coUineations of the group Gi(ABlp)anh. Two 
of thèse familles are transcen dental surfaces and one is a family of 
quadric cônes. 

TwO' and three-parameter suhgroups of Ga(ABIp). — If a is con- 
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stant and n, h, t variable, we bave a three-parameter subgroup of 
G4(ABlp). AU coUineationa of this group GsCABlp) leave invariant 
the family of surfaces given by 1. If n is constant while a, h and t vary, 
we hâve another three-parameter group G8( ABlp)n. This group leaves 
invariant a System of oc* quadrio cônes. There are thus two Systems 
of three-parameter subgroups of G4( ABlp), one for each positive value 
of a and one for each real value of n. 

If a and n are both constant while h and t vary, we hâve a two- 
parameter subgroup of G4(ABlp). If h and n are both constant and 
k and t vary, we hâve another two-parameter group. The invariant 
surfaces are easily determined. Thus there are two Systems of two- 
parameter subgroups of G4(ABlp). 

Theorem 19. The group G4(ABlp) contains two singly infinité 
Systems of three-parameter subgroups and two doubly infinité Systems 
of two-parameter subgroups. 

Since k is both positive and négative, and since only thèse collinea- 
tions with positive k can be generated from infinitésimal transforma- 
tions of the group, it f oUows that only one-half of the coUineations in 
the group G4(ABlp) belong to its one-parameter subgroups. 

§2. SoMB Spécial Subgroups op G4(ABlp). 

Three-parameter subgroups of type XIII, — When k=l, or, what 
amounts to the same thing, when a— 1, the one-dimensional trans- 
formation along the Une AB is identical, and hence every point on the 
Une is an invariant point ; dualistically every plane through the Une 
1 is an invariant plane. Therefore, the resulting transformations are 
of type XIII. Since there are three remaining parameters, n, h, and 
t, we hâve a three-parameter subgroup of type XIII. 

Three-parameter subgroup of type XI, — If n=0, the three-para- 
meter group of type III in the. plane p reduces to a two-parameter 
group of type V. The resulting coUineations in space are of type XI, 
since every point on 1 is invariant, and form a three-parameter group 
whose parameters are k, h, and t. Also, if we put t=0, nt±0, and 
htdiO, the 00^ coUineations in the plane p are again of type V and 
form a two-parameter group. Thus we hâve another three-parameter 
group of type XI. 

Two-parameter subgroup of type VII. — If a=l and n=0, aU 
points in the plane ABl are invariant and the coUineations are of 
type VII. They form a two-parameter group of type VII. Also, if 
a = l and t=0, but nt±0 and ht±0, we hâve left a two-parameter 
group of type VII, dualistic to the last. 

Theorem 20. The group G4(ABlp) contains one three-parameter 
subgroup of type XIII, two three-parameter subgroups of type XI, 
and two two-parameter subgroups of type VII. 
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A NEW THEORT OF OOLLINEATIONS IN SPAOE, IIL 
Oollineations of Type V in Space. 

BY H. B. NEWSON. 

A. — Synthetic Forecaat 

Invariant figure of T, — The fundamental invariant figure of a 
collineation in space of type V coneists* of a plane p, a Une 1, and a 
point A; A and 1 are both in p and A is on 1. Let this invariant 
figure be denoted by (Api), and let T be a collineation of type V, 
leaving (Âpl) invariant. The collineation T and its invariant figure 
(Api) are both self-dualistic. Along the Une 1 and in the penoil of 
planes through 1, T produces a one-dimensional parabolic transforma- 
tion ; in the plane p and in the bundle of rays through A, T produoes 
two-dimensional transformations of type III. 

The group Gi(Apl), — The two-dimensional transformations of 
type III in p, leaving the lineal élément Al invariant, are oc* in num- 
ber and form a three-parameter group with one- and two-parameter 
subgroups. This three-parameter group leaves invariant the System 
of 00* conics touching 1 at A; a two-parameter subgroup leaves in- 
variant a net of oo^ of thèse conics having three points in common at 
A ; a one-parameter subgroup leaves invariant each of a pencil of oo^ 
conics having four points in common at A. 

DualisticaUy the two-dimensional transformations of type III in 
the bundle of rays through A are oc* in number, and form a three- 
parameter group with one- and two-parameter subgroups, leaving in- 
variant the System of oc* quadric cônes having their vertices at A and 
touching p along the Une 1; a two-parameter subgroup leaves in- 
variant a net of oo* of thèse cônes having three éléments in common 
along 1 ; a one-parameter subgroup leaves invariant each of a pencil 
of oc^ cônes having four éléments in common along A. 

Thèse two two-dimensional three-parameter groups are independent 
ot each other, and hence the three-dimensional transformations of type 
V, leaving (Apl) invariant, dépend upon six parameters ; i. ^., they 
are oc* in number, and form a six-parameter group G6(Apl). 

Theorem 1. There are oc* oollineations of type V in space leaving 
the figure (Apl) invariant ; thèse form a six-parameter group G6( Apl). 

«Kansas UniTersity Qaarterly, VoL IX, p. 70. 

[«9]-K.U.Qr.-A x 3-July, *01. 
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Subgroups of Oui Api). — There are two varietiee of five-parameter 
eubgroups of GeCApl). One of thèse subgroups consiets of ail col- 
lineations in G6( Api) which leave invariant a net of a* conics in p 
and the System of oc* cônes through A. A subgroup of tbe other va- 
riety consists of ail coUineations in GeCApl) which leave invariant the 
System of oc* conics in p and a net of oc^ cônes through A. Thèse 
two varie ties of five-parameter groupa form a dualistic pair. There 
are oo^ groups of each variety. 

There are three varieties of four-parameter subgroups in Gel Api), 
viz.: (1) AU those coUineations in GeCApl), which leave invariant anet 
of OD^ conics in p and a net of oc^ cônes through A, form a subgroup; 
(2) aU those coUineations, which leave invariant a pencil of oo^ conics 
in p and aU cônes through A, form a subgroup; (3) aU coUineations 
in GeCApl), which leave invariant the oc* conics in p and a pencil of 
00^ cônes through A, form a subgroup. The second and third varieties 
form a duaUstio pair and the first is self-duaUstic. 

There are two varieties of three-parameter subgroups in G6(Apl), 
viz.: (1) AU coUineations in GeCApl), which leave invariant a net of 
OD^ conics in p ard a pencil of oc* cônes through A, form a subgroup; 
(2) ail coUineations in GeCApl), which leave invariant a pencil of oc' 
conics in p and a pencil of oc^ cônes through A, form a subgroup. 
Thèse two group varieties form a dualistic pair. 

There are oc* two-parameter subgroups of GeCApl). One of thèse 
subgroups consists of ail coUineations which leave invariant a pencil 
of conics in p and a pencil of cônes through A. There is only one va- 
riety of such two-parameter groups. 

In the above two-parameter group the parameters of the two-di- 
mensional transformations in p and through A are t and t', respectively. 
If we set t'=gt and keep g constant, we obtain a one-parameter sub- 
group of GeCApl). 

Theorem 2. There are nine varieties of subgroups of type V in the 
group GeCApl), viz.: Two varieties of five-parameter subgroups, three 
of four-parameter subgroups, two of three-parameter subgroups, one 
of two-parameter subgroups, and one of one-parameter subgroups. 

Spécial subgroups of 6t{Apl). — The group GeCApl) contains a 
number of subgroups composed of coUineations of lower types than 
type V, viz., groups of type XIII, XII, and VII. The three-param- 
eter group of type III in the plane p contains two two-parameter 
subgroups of elations, viz., H'2(A) and H'2(l). The coUineations in 
GeCApl), whose plane coUineations in p are of type V, are generally of 
type XIII. Hence, corresponding to the two groups H'2(A) and 
H'2(l) in p, the group GeCApl) containR two five-parameter subgroups 
of type XIII. Thèse five-parameter groups contains four- and three- 
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parameter snbgroups of type XIII ; but thèse détails belong more 
properly to the theory of type XIII. and will be discussed under that 
heoding. 

If the traDsformation in the plane p is identical, the coUineations 
are of type VII, and form a three-parameter group GsCp). Dualis- 
tically, if the two-dimensional transformation through A is identical, 
the coUineations are of type VII in space and form a three-parameter 
group of type VII, G8(A). Thus GcCApl) contains a dualistic pair 
of three-parameter subgroups of type VII. 

If the one-dimensional transformations along the lin^ 1 and in the 
pencil of planes through 1 are both identical, the coUineations are of 
type XII. Of the ol^ coUineations in G6(Apl), oc* satisfy thèse two 
conditions, and hence this group contains oc* coUineations of type 
XII. Thèse constitute a four-pararaeter group of type XII. The 
constitution of this group will be discussed in the proper place in this 
séries of papers. 

Theorem 3. The group G6(Apl) contains two five-parameter sub- 
groups of type XIII, two three-parameter subgroups of type VII, and 
one four-parameter subgroup of type XII. 

B. — A nul y tic Vérification. 
§1. The Six-parameter Group G6(Apl). 
Analytic expression for T. — Along the Une 1 and in the pencil of 
planes through 1 the coUineation T produces one-dimensional paraboHc 
transformations whose constants we shall designate by mt and nt, re- 
spectîvely. Let h, k and g be three other constants determining T. 
Let the tetrahedron of référence (ABCD) be taken so that B is on 1, 
O in the plane p, and D anywhere in space. The plane p is now the 
plane z=0; y=0 passes through 1; x=0 passes through A; and 
w=0 is not speoially related to the invariant figure. The coUineation 
T is expressed by the foUowing^equations : 

lr=T + °t. (1) 

ïf = 7+tH7t» + ht. (2) 

f- = 7 + «ntl + (7^' + bt)^ + ^1» + {^V^ )l' + gt. (3) 
Thèse équations may be thrown into the form : 
X, x + ty + (|t* + ht)z, 



wi w + mtx + (Et* + kt)y + (i^f + i^SL^t» -1- gt)z, 

yi ^ y + <z, 

wi w + mtx + (2t» + kt)y + (^ t» + iliai!iH2t« + gt) z, 

Zl z 

^ ~ w + mtx ^ (=t* + kt)y + {^^-i^ + i^H+JiSlt» + gt)z. 



(4) 
(5) 
(6) 



Digitized by 



Google 



102 KANSAS UMIVSR8ITY QUARTSRLT. 

That T is correctly expressed by thèse équations is shown as fol- 
lows : (1) shows that the one-dimensional transformation in the penoil 
of planes through 1 is parabolic; (1) and (2) show that the two- 
dimensional transformation in the bnndle of rays through A is of type 
III ; (4), (5) and (6) show that A = (0, 0, 0, w) is an invariant point ; 
(6) shows that z=0 is an invariant plane ; making z=0 in (4), (5), 
and (6), the modified form of (4) and (6) shows that, in the plane p, 
1 is an invariant iine and that the coUineation in p is of type III. 

SiX'parameter group Ot{Apl). — The numbers m, n, h, k, g, t may 
vary independently, and hence there are oo* coUineations of type V, each 
leaving (Api) invariant. Let Ti be a second coUineation of the same 
System, whose constants are mi, m, hi, ki, gi, ti, and which transforms 
Pi to Pî. Eliminating xi, yi, zi, wi from T and Ti, we get Tj, whose 
équations are of the same form as those of T and whose constants are 
mj, n2, ha, kj, g2, U* We find the foUowing values of t«, etc.: 

t + tl = i3. (7) 

nt + niti = natî, (8) 

mt + mih = mata, (9) 

nt».f2ntt..fn ^ + ht + h.ti - ^tf + hjtî, (10) 

mt*^2a».tt,.fm,tî _^ ^^ _j_ ^^^^ _ m,^j ^ ^^^^ ^ jj^ 

mnt* -f 8m,nt«t| + 8iii|nttî -f mtn,t? i (hm + kn)t* +2(hini 4-k<n)tt, -Kh|Tn, -|-k|D,)f j 

g -1 2 r 

gt + giti = ^t\ + hBjL^ti +g,t,. (12) 

Thèse six équations show that ail the parameters are essential, and 
that we hâve a six-parameter group; thus verifying theorem 1. 

§2. One-parameter Subgroups dp G6(Apl). 

I7ie one-parameter group Oi{Apl), — If we keep m, n, h, k and g 
fixed and let t alone vary, we sélect thus from Q6(Apl) oo^ collinea- 
tions which form a one-parameter subgroup of G6(Apl). This follows 
from the fact that under thèse conditions there are no longer six indé- 
pendant équations (7)-(12), but only one, viz., (7). The parameter 
of the group is t, and the équation t -f ti = ta tells us that its properties 
are those of a one-dimensional parabolic group. Evidently there are 
00* such subgroups of G6(Apl), one for each value of m, n, h, k, g. 
Such a gi'oup is designated by Gi(Apl). This is the only variety of 
one-parameter subgroups contained in G6(Apl); for if any other para- 
meter besides t be made to vary alone and the other five be kept 
fixed, the resulting oc*^ coUineations do not form a group. Equations 
(7)-(12) confirm this statement. 

Invariant curves and sur/aces of Oi{Apl), — The familles of sur- 
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faces invariant under the coUineations of the group Gi(Apl) are ob- 
tained by eliminating t from ail pairs of équations formed from (1), 
(2), and (3). Prom (1) and (2) we get: 

f(xi, yi, zi)=f(z, y, z)=Jy«+hyz— nxz — Cz»=0. I 

From (l) and (3), and making use of the identity in I, we get: 
f (xi, yi, zi, wi) =f (z, y, z, w) =^y« + ^^^y^ — mnxyz — gnyz^ + 

n»wz«— Cz»=0. II 

From (2) and (3), and using the identities in I and II, we get: 

f(x„yi,zi,wi)=f(x,y,z.w)=jx[=^(hz + y)+^z]— î^|' + 
jx(gz + ky + i^')-w(bz + y)j 
jf(gz+ky + ?^^)-(hz4-y)[?(hz + y)+!^z]|-Cz^=0. III 

Making z=0 in équations (4), (5), and (6), the last disappears, and 
the modified forme of (4) and (5) oan be put into the form : 

r^=^+t 

H '• ' (10) 

lf;^ = f + mtf + 2l» + kt. 

Eliminating t from thèse, we hâve the following équation of the in- 
variant conics in the plane p : 

f(xi, yi, wi)=f(x, y, w)=fx2H-kxy — yw = Cy^ IV 

In I, II, III, and IV, C is the arbitrary parameter of the family of 
surfaces. 

Equation I represents a System of quadrio cônes having A for a 
common vertex, 1 for a common élément, and p for a common tangent 
plane. Equation II represents a family of cubic ruled surfaces having 
1 for a common Une and the plane p for an infiectional tangent plane 
along the line 1. The curves of intersection of I and II are the path 
curves of the group Gi(Apl). 

The two familles of surfaces hâve the line 1 in common ; hence their 
curves of intersection are of a lower degree than the sixth. Taking a 
section of both surfaces by the plane w=0, we get the following Sys- 
tem of curves : 

Jy2 ^ hyz - nxz = Cz» and f y» + i^^y^z - 

mnxyz — gny z^ == Cz*. ( 11 ) 

Eliminating x from thèse équations, we find three points of inter- 
section exclusive of those on 1. Hence the intersections of the Sys- 
tems of surfaces I and II are oo^ twisted cubics in space. They ail 
pass through A and hâve 1 for a common tangent at A. 

Thborem 4. The group G6(Apl) con tains oo* one-parameter sub- 
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groupe ; the path curves of one of thèse subgroupe are twisted oubics ; 
each subgroup leaves invariant a family of quadric cônes, a faraily of 
oubic cônes, and a family of quartio surfaces. 

§3. Other Subgroups dp GeCApl). 

Five-parameter subgroupa of Ot{Apl), — If m be kept fixed and 
the other five parameters be allowed to vary, the resulting coUinea- 
tions form a five-parameter group G6(Apl)m. If we make mi=m a 
constant in équations (7)-(12), we find also m2=m,and équation (9) 
is no longer independent. The remaining five équations show the five- 
parameter group. There are oo^ such subgroups in GeCApl), one for 
each real value of m. The group G5(Apl)m leaves invariant a net of 
OD* conics in the plane p. 

In exactly the same way it may be shown that when ni=n also 
n2=n, and we hâve another singly infinité System of five-parameter 
subgroups GôC Apl)n. The group G6(Apl)n leaves invariant a net of 
OD^ quadric cônes with their vertices at A. 

Four-parameter subgroups of G%{Âpl), — If n and h are both con- 
stant while the other four parameters vary, the remaining 0D*collinea- 
tions form a four-parameter subgroup of G6(Apl). This is shown by 
the vanishing of équations (8) and (10); the remaining four show a 
four-parameter subgroup. There is a doubly infinité System of thèse 
four-parameter groups, one for each value of n and h. One of thèse 
groups, G4(Apl)nh, leaves invariant a singly infinité System of 
quadric cônes contained in I. 

If m and k are both constant while the other four parameters 
vary, the remaining oo* coUineations form a four parameter group 
G4(Apl)mk. This is shown by the vanishing of équations (9) and 
(11); the remaining four équations show the four-parameter group. 
There is a doubly infinité System of thèse four-parameter subgroups, 
one for each value of m and k. The group G4(Apl)mk leaves in- 
variant a penoil of conics in the plane p. 

If m and n are both constant while h, k, g, t vary independently, we 
hâve another four-parameter subgroup of G6(Apl). The six équa- 
tions (7)-(12) reduce to 

t + ti = t2, ht + hiti = hàtî, kt + kiti = k2tî, and 

(hm-f kn)t*-t-2(h,ni -f k,n)tt, + (b.m -HciD)t« ^ „l . ^ t h,m -f k,n ^> , _ x 

2 h gt -f glti — 2 1, + g«ts. 

The group G4(Apl)mn leaves invariant a net of oo^ conics in p and 
a net of oo^ oones through A. There is a doubly infinité System of 
thèse four-parameter subgroups, one for each value of m and n. 

Three-parameter subgroups of 0^{Apl), — There are two triply in- 
finité Systems of three-parameter subgroups of G6(Apl); one of thèse 
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results when m, n and h are constant, the other when m, n and k are 
constant. In the first case the group G8(Âpl)mnh leaves invariant a 
net of conics in p and a pencil of cônes through A ; in the second case 
the group G3(Apl)mnk leaves invariant a pencil of conics in p and a 
net of cônes through A. 

TwO'parameter suhgroup of Oo{Apl), — When m, n, h, k are ail 
constant and g and t alone vary, the oo^ collineations form a two-para- 
meter subgroup of QeC Api). Evidently there is a quadruply infinité 
System of thèse two-parameter groupe. The group G2(Apl)mnhk 
leaves invariant a pencil of conics in p and a pencil of cônes through A. 

Theorem 6. The group Q6(Apl) contains two singly infinité Sys- 
tems of five-parameter subgroups, three doubly infinité Systems of 
four-parameter subgroups, two triply infinité Systems of three-para- 
meter subgroups, and one quadruply infinité System ot two-parameter 
subgroups. Thèse are characterized by m = c; n=c; m=c and 
n=c; n = c and h=c; m=c and k=o; m=c, n=o, h=c; m^^c, 
n=c, k=c; m=c, n=c, h=o, k=o. 

§3. SoME Spécial Subgroups of G6(Apl). 

Groupa of type XIII in O^iApl). — For any constant value of m 
we hâve a five-parameter subgroup of GeCApl); for the spécial value 
ni=0 the subgroup requires spécial attention. Let m=0 in équation 
IV; it reduoes to y(kx — w — Cy)=-0, i. e., the conics in p break up 
into the invariant line y=0 and the pencil of Unes kx — w — Cy=0. 
Hence the coUineation in the plane p is of type V; dualistically the 
coUineation in the bundle through III is also of type V. Thus it 
must hâve a pencil of invariant planes corresponding to the line of in- 
variant points in p. The collineations in space are therefore of type 
XIII, and thèse form a five-parameter group of this type. 

In like manner, when n=0 the two-dimensional collineations in p 
and through A are of type V and the three-dimensional collineations 
are of type XIII. They form a five-parameter subgroup of this type. 

Each of thèse five-parameter subgroups of type XIII contains a 
singly infinité System of four-parameter subgroups and a doubly in- 
finité System of three-parameter subgroups of type XIII. The fun- 
damental group of XIII is three-parnmetered. The discussion of the 
détails of thèse groups belongs more properly to the theory of type 
XIII and will be given in its proper place. 

Subgroup of type XII in 6e{Apl). — When m=0 and n=0, the 
one-dimensional transformations along 1 and in the pencil of planes 
through 1 are both identical; hence ail points on 1 and ail planes 
through 1 are invariant. The collineations in the planes through 1 are 
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ail of type Y; hence the collineations in spaoe are of type XII. There 
are oo^ such collineations in Ge(Apl), and tbey form a foar-parameter 
subgroup of type XII. 

Subgroupa of type VII in 0^{Apl). — When n, m and k are ail 
zéro, the transformation in the plane p is identical, and the remalning 
collineations are of type VII and form a three-parameter gronp. 
Dualistically there is a three-parameter group of type VII which 
leaves invariant every ray through A. This resnlts when m=0, 
n=0, and h=0. The subgroups of thèse two three-parameter groupe 
will not be discussed hère. 

Theorem 4. The group GeCApl) contains two five-parameter sub- 
groups of type XIII, one four-parameter subgroup of type XII, and 
two three-parameter subgroups of type VII. 

The theory sketched in this paper holds equally well whether the 
collineations are real or complex. 

Table of groupa of type V. — The following is a complète list of the 
continuons groups of collineations of type V: 

(1) G,(Apl). 

(2) G»(Apl)m. 

(3) G6(Apl)n. 

(4) G4(Apl)mn. 

(5) G4(Apl)nh- 

(6) G4(Apl)mk. 

(7) G8(Apl)mnh. 

(8) G8(Apl)mnk. 

(9) G2(Apl)mnhk. 
(10) Gi(Apl). 
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OOCOIDiE OF KANSAS, IV. 



Additional Spedes, Food-plants and Bibliographj of Kansas Ooooidflo, with 
Appendix on other Speoiee Beported from Kansas. 



BT s. J. HUNTBB. With pUte VIII. 

A.— Additional Species. 
Kertnes pnbescens Bogue. Plate VIII, fig. 1. 
On white oak, Lawrence, Douglas oounty. 

Kermès nivalis King and Ckll. Plate VIII, fig. 2. 
On white oak, Lawrence, Douglas county. 

Orthezia graminis Tinsley. Plate VIII, figs. 3, 1. 
On goldenrod {Solidago sp.), Blue Rapids, Marshall county. Mrs. 
S. G. Cady, collecter. 

B.—Food-plants of Kansas Ooceid». 

In order to understand the significance or importance of the food- 
plants of CoocidsB, or scale-insects, some knowledge of the life and 
habits of the insect is necessary. Scale-insects are plant parasites 
and locate themselves upon the bark or outer covering of the plants. 
They hâve long, slender beaks, which they are able to insert into the 
tissues of the plants and draw therefrom the plant juices. Some scale- 
insects choose but a single host-plant, and others seem to be able to 
subsist upon a very great variety of plants. This adaptability to va- 
rions food-plants has much to do with the numbers of the several 
species in existence. It is évident that if a species of insect has to dé- 
pend exclusively upon a single plant variety, the chances of life for 
this insect would decrease with a decrease in numbers of the host ; 
while, on the other hand, scale-insects which hâve the power to adapt 
themselves to a nuraber of plants hâve greater chances of life and 
better opportunities for numerical increase. In animal parasitism 
the parasite tends to increase as the host increases. The increase of 
the parasite, however, is generally in a greater ratio than the increase 
of the host, so that the parasite frequently becomes so numerous as 
to destroy or greatly curtail the increase of the host, and then the 
parasite must succurob likewise, or adapt itself to new conditions. 
Such relations between host and parasite exist to a certain extent be- 

[107]-K.U.Qr.-A x S-Jnly, '01. 
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tween the soale-inseots and their respective hoets. A stady of the 
food-plants, therefore, of the scale-insects, becomes a matter of con- 
sidérable importance in determining the continuation of a species and 
the possibilities of its numerical increase. The insects herein dis- 
cussed hâve been found on certain food-plants in Eansas. They bave 
iikewise been found by other authorities on other food-plants in other 
parts of the globe. A record of each of thèse discoveries is given in 
the following pages : 

Aspidiotus forbesi Johns. 
Honey-locust, Oleditschia /ricanMo0.( Johns.), Ckll., Proc. Nat. M., XIX, p. 738. 
Peach, Prunus, Ckll., ibid., p. 740. 

Âpricot, Prunus armeniaca, Johns., Ent. News, p. 151 (1896). 
Qarden carrant, Ribes rubrum, ibid. 
Ash, Osborn, Proc. lowa Acad. Soi., p. 229 (1897). 
Crabapple, Hunter, K. U. Quart., VÏIl., No. 1, p. 4 (Jan. 1899). 
Pear, Johns., 111. Sta. Lab. Nat. Hist.. IV, p. 381. 
Plum, ibid. 
Apple, ibid. 
Quince, ibid. 
Currant, ibid. 
Wild and cultivated cherry, Amygdalus persica^ Leonardi, Rîv. di Pat. Veg., 

p. 43(1897). 
Acer fraxinuSi ibid. 
Staphylea (rifoliata, ibid. 

AspidiottM ancylus Putnam« 
Linden, Comstock, 2d Corn. Univ. Rept., p. 140. 
Boz-elder, Negundo sp., Ckll., Proo.Nat. M., XIX, p. 735. 
Apricot, Prunus armeniacum, Ckll., Proc. Nat. M., XIX, p. 741. 
Plum, Prunus domentica, in Santa Fé, N. M.. Ckll., ibid. 
Black currant, Ribes sp., Ckll., Am. Nat, p. 731 (1895). 
Oaks, Comstock, 2d Corn. Univ. Rept., p. 140. 
Beech, ibid., p. 139. 
Water locust, ibid., p. 140. 

Ilex verticillata, Felt, Bull. N. Y. Mus., VI, No. 31, p. 617 (1900). 
Hemlock, ibid. 
Mountain ash, ibid. 

Willow. Felt., Bull. N. Y. Mus., V, No. 23, p. 261 (1898). 
Apple, ibid. 
Elm, ibid. 

Pear, Qillette and Baker, Colo. Agr. Exp. Sta., Bull. 31, Tech. Ser., No. 1, p. 128. 
Black maple, Newell, Cont. lowa St. Col. Agr., No. 3, p. 8. 
Birch, ibid. 
Snowball, ibid. 

Oleditschia tricanthos, Ann. Mag. Nat. Hist., p. 323 (1898). 
Quercus wrightii, Ckll., Can. Ent, vol. 28, p. 226 (1896). 
Cottonwood, Gillette, Colo. Agr. Col. Ex. Sta., Bull. No. 38, 1898, p. 36. 
Spirea arnicus, King, Can. Ent, p. 226, vol. — .* 

* The séparâtes of the Canadian Entomologist hare no date marks. It bas been, therefore. 
impof'Sible to locate accurately ail références as to récent nambers of this magazine, sinee the 
department nnmbers are at the bindery. 
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Honey-looast, Kiog, Gan. En t., p. 226, vol. — • 

Qaince, ibid. 

Maple, Putnam, Proc. Dav. Acad. Nat. Sci., vol. II, p. 346. 

Peach, Ck>m9tock, U. S. Dept. Rept. Corn. Agr., 1880, p. 59. 

Osage orange, ibid. 

Haokberry, ibid. 

Bladder-Dut, ibid. 

Aah, ibid. 

Chestnut, in U. S. Dept. Agr. Coll. Howard. 

Cratœgitêf ibid. 

Elagnus reflexa, ibid. 

Lonicera, ibid. 

Syringay ibid. 

I^runus pissardif ibid. 

Aspidiotus uvœ Comst. 

Grape, Comst., 2d Rept. Dept. Ent. Cor. Ezp. Sta., p. 71, 1883. 
Hickory, ibid. 

Aapidiotus osbomi Newell. 

Quercus albaf Hunter, K. U. Quart, vol. VIII, No. 1, p. 6. 

Ironwood, Ostrya virginica^ Newell, Cont. lowa St. Col. Agr., No. 3, p. 7. 

Aspidiotus ulmi Johne. 

White elm, Ulmus americana^ Johns., 111. St. Lab. Nat., vol. IV, art. 13, p. 388. 
Slippery or Red elm, Ulmus fulva, HuDter, K. U. Quart., VIII, No. 1, p. 6. 
Catalpa, Hunter, K. U. Quart., VIII, No. 1, p. 6. 

Aspidiotvs femaldi Ckll., subsp. albiventer, 
Maple, Acer sp., Hunter, K. U. Quart., VIII, No. 1, p. 7. 

Aspidiotus obscurus Comst. 

Willow oak, Comst., 2d Corn. Univ. Rept., p. 140. 

Blaok oak, Quercus sp., Hunter, K. U. Quart., VIII, No. 1, p. 7. 

Chestnut, Hunter, found in Miami oounty, Kansas, June, 1901. 

AsjHdiottis jttglans'vegiœ Comst. 

Peach, Prunus or Amygdalus persica, Ckll., Proc. Nat. M., XIX, p. 740. 

English walnut, Comst., 2d Corn. Univ. Rept., p. 61. 

Prune, Prunus sp. (Ehrhorn), Ckll., Can. Ent., 1896, p. 260. 

Crabapple, Hunter, K. U. Quart., vol. VIII, No. 1, p. 8. 

Pear, Comst., 2d Corn. Univ. Rept., p. 62. 

Cherry, ibid. 

Locust, ibid. 

Ash, Femald, Pa. Dept. Agr., Bull. No. 43, p. 20. 

Currant, Osborn, Proc. lowa Acad. Sci., vol. V, p. 230, 1897. 

Aspidiotus pertiiciosus. 

Cherry, Howard, Bull. 12, U. S. Dept. Agr., Div. Ent., p. 13. 
English huckleberry, ibid. 
Black walnut, ibid. 
Japan walnut, ibid. 
English willow, ibid. 
»-K.U.Qr. A-x8 
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Qolden willow, Bull. 12, U. S. Dept. Agr., Div. Ent, p. 13. 

Bocky Mountain dwarf cherry, ibid. 

FioweriDg quinoe, ibid. 

Japanese quinoe, ibid. 

Strawberry, ibid. 

Black currant, ibid. 

Lombardy poplar, ibid. 

Carolina poplar, ibid. 

Goiden-leaved poplar, ibid. 

Silver maple, ibid. 

Cut-leaved birch, ibid. 

Mountain asb, ibid. 

Milkweed, ibid. 

Catalpa Hpecio%a^ ibid. 

Aotinidia, ibid. 

Citrus trifoliata, ibid. 

Red dogwood, ibid. 

Snowball, Vibumunit ibid. 

Juneberry, ibid. 

Loquat, ibid. 

Xiaurel, ibid. 

Akebia, ibid. 

White currant, Loohhead, Ont. Dept. Agr., p. 31, Mar. 1900. 

White ash, ibid. 

Omamentai birch, ibid. 

Maple leaf, ibid. 

Rhubarb, ibid. 

Hemp, ibid. 

Lamb's-quarters, ibid. 

Oarden kno tweed, ibid. 

Mustard, ibid. 

Beggar-ticks, ibid. 

Croose-foot, ibid. 

Ragweed, ibid. 

Sunflower, ibid. 

Weeping willow, Smith, Rept. N. J. Agr. Col. Ezp. Sta., p. 547, 1896. 

Laurel-leaved willow, ibid. 

Kilmarnock willow, ibid. 

liinden, ibid. 

English walnut, ibid. 

Flowering currant, ibid. 

BuonymuSf ibid. 

Crooseberry, ibid. 

Persimmon, Ebenaceœ, ibid. 

Acacia, LeguminoBeae, ibid. 

Elm, ibid. 

Osage orange, ibid. 

Peoan, ibid. 

Hickory, ibid. 

Aider, ibid. 

Obestnut, ibid. 

Oak, ibid. 



Digitized by 



Google 



huntbr: coccid^ op kansas, iv. 111 

Sumac, Smith, Rept. N. J. Agr. Col. Exp. Sta., p. 547, 1896. 

Grape, ibid. 

Catalpa bignoniodea, (Howard), Ckll., U. S. Dept. Agr., Div. Ent., Tech. Ser., 

No. 6, p. 17. 
Crab-apple, Ckll., U. S. Dept. Agr., Div. Ent., Tech. Ser., No. 6. 
Bartlett pear, ibid. 
Dwarf Ducheas pear, ibid. 
Pyrus japonicat ibid. 
Satsuma plum, ibid. 
Prunuê pisaardi, ibid. 
Prunus maritimi, ibid. 
Citrus albnpanetatust ibid. 
Cottonwood, ibid. 
European linden, ibid. 

Apple, Pyrua malua, Comst., 2d CorD. Univ. Rept., p. 140. 
Apricot, PiunuB armeniaca, ibid. 

Crab grass, Johnson, Bull. No. 57, Md. Agr. Exp. Sta., p. 61, 1898. 
Peach, Ckll., Proc. Nat. M., XIX. p. 740. 
Rose, Ckll., Amer. Nat., p. 726, 1895. 
Almond, Fernald, Bull. 36, Mass. Agr. Col., p. 19. 
Spirea, ibid. 
Raspberry, ibid. 
Hawthorn, ibid. 
Cotoneaster, ibid. 

Aspidiotus greenii Ckll. 

Palm, Howea belmoreana, Hunter, K. U. Quart., VIII, No. 1, p. 11.* 
Banana, Townsend, An. à Mag. Nat. Hist., ser. 7, III, p. 169.* 
Cycas (Green), Ckll., Bull. Div. Ent, Tech. Ser., No. 6, p. 27.* 
House palm, Ckll., Ent. Mo. Mag., XXXIV, pp. 184, 185, Aug. 1898.* 
Palm, Seaforthia elegans, Ckll., Entom., XXXII, p. 93, Apr. 1899.* 
Guava, Ckll. and Parrott, Industrialist, p. 277, May, 1899* 
Vine leavee, ibid.* 

Aspidiottis fiederœ Bail., var. nerii Bouche. 

Madrone, ^r6u^u« menziesii, Coquillett, Bull. 26, Div. Ent. U. S. Dept. Agr., p. 20. 

Century plant. Agave americana^ ibid. 

Lilao, Syringa vulgaria, ibid. 

Nightshade, Solanum douglasii, ibid. 

China tree, ibid. 

English ivy, ibid. 

Oak, Quercua agrifoliat ibid. 

Arborvitse, Thuja occidental is, on conea ofs ibid. 

Acacia, Comstock, 2d Rept. Corn. Univ. Exp. Sta., 1883, p. 13. 

Cherry, ibid. 

Currant, ibid. 

Grass, ibid. 

Clover, ibid. 

Orange tree, ibid. 

Lemon, ibid. 

Maple, ibid. 

*Tho8e tnooeeded by a star were kiDdIy furnished by Mr. Kotinsky, throuffh Dr. Howard. 
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Melia, Comstook, 2d Rept. Corn. Univ. Ezp. Sta., 1883, p. 13. 

Oleander, ibid. 

Plu m, ibid. 

Yucca, ibid. 

Coproama lucida, Maskell, Bca. Ina. N. Z., p. 45. 

Corynocarpue lœvigaiœ^ ibid. 

Orchids, Garduera' Chronicle, May 6, 1893, p. 548. 

New Zealand flaz, Phormium tenax, Cornet, 2d Corn. Rept., p. 140. 

HoUy, Cornet., ibid. 

Bozwood, Cornet., 2d Corn. Rept., p. 139. 

Oleander (Ckll.), GUlette, Colo. Agr. Col. Ex. Sta., Bull. No. 31, Tech. Ser., No. 1, 

p. 128. 
Orange (Ckll.), Gillette, ibid. 
Lemon (Ckll.), Gillette, ibid. 
Fraoaena (Ckll.), Gillette, ibid. 

Olive, Olea europea, Ckll., Jour. Trin. Nat. Fld. Club, vol. II, No. 12, p. 307. 
Magnolia grandiflora^ ibid. 
Roee, Towneend, Tech. Ser., No. 4, Div. Ent., p. 11. 
Palo dulce^ ibid. 

Lace fem, Johneon, Div. Ent., n. aer., No. 6, pp. 75-78 (1896). 
Sweet lime (fruit), Cockerell, Ann. Mag. Nat. Hiet., p. 167, Feb. 1899. 
Pinus (leaves), ibid. 

Ivy, Hedera hélix, Saccardo, Rivieta Pat. Veg., IV, p. 50, 1895 (189^*96). 
Nerium oleander, ibid, p. 49. 

"Trueno," Cockerell, Biol. Cent. Amer., II, part 2, p. 20, Dec. 1899. 
Pahne, King, Can. Ent, XXXI, p. 225, Aug. 1899. 
Cycaa, ibid. 
Heather, Erica, ibid. 

Cycas revolutU Oebom, Proo. lowa Acad. Soi., V, p. 230, 1897 (1898). 
Arica, Cockerell, Jour. Inet. Jamaica, I, p. 255, No. 55, Apr. 1893. 
Tea, Green, Indian Mue. Notée, IV, No. 1, p. 4, 1896 ( reprint, p. 3). 
Loranthus, ibid. 
Dalbergia, ibid. 

Ariètea major, Indian Ent. Mo. Mag., XXXIII, p. 69, Mar. 1897. 
Aucuha, Douglae, Ent. Mo. Mag., XXIII, pp. 151, 152, Dec. 1896. 
Azalea, ibid. 

Aspidiotus fBSculi Johna., eubep. solus, aubep. nov. Hun ter. 
Juglans nigra, Hunter, K. U. Quart., VIII, No. 1, p. 12. 

Mytilaspis pomorutn Bouche. 

Apple, Comet., 2d Corn. Univ. Rept., p. 139. 

Baeewood, Ckll., Proc. Nat. M., XI, p. 730. 

Bladder-nut, Siaphylea (Cornet.), ibid., p. 736. 

Broom, Cytièua acoparius, Ent. Mo. Mag., p. 138, 1893. 

Cultivated locuet, Rohinia paeudacacia, Ckll., Proc. Nat. M., XIX, p. 738. 

Hawthorn, Cratœgua oxycantha, ibid., p. 744. 

Wild gooseberry, Rihea cynoahati, Country Gentleman, p. 27, Jan. 16, 1895. 

Cornua californicua (Harvey), Ckll., Proc. Nat. M., XIX, p. 735. 

Pear, Maekell, Scale Ineeote of N. Z., p. 52 (1887). 

Plum, ibid. 

Peach, ibid. 
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Apricot, Maskell, Scale Inaeots of N. Z., p. 52 ( 1887 ). 

Xiilao, ibid. 

Thorn, ibid. 

Syoamore, ibid. 

Cottoneaster, ibid. 

F'oliis variegatuê (Harvey), Ckll., Proo. Nat. M., XIX, p. 752. 

Cor mis alba (Harvey), ibid. 

JFVaxintiê americanust Country Gentleman, p. 27, Jan. 10, 1895. 

Planera (Comst.), Ckll., Proc. Nat. M., XIX, 766. 

Yucca, Comst., 2d Corn. Univ. Rept., p. 140. 

Poplar, Bull. N. Y. Mus., 13tli Rept. St. En t. p. 374, 1897. 

Magnolia, umbrella, ibid. 

Privet, Bull. N. Y. Mus., V, No. 23, p. 261, Dec. 1898. 

Quinœ, Hunter, K. U. Bull. Dept. Ent., p. 25, 1898. 

Hop-tree, Hunter, ibid. 

Buckthorn, ibid. 

Baspberry, ibid. 

Grape-yines, Berlese and Leonardi, Rivista Pat. Veg., III, p. 347, 1895 (1894-'96).* 

Citrous plants, ibid.* 

liinden, Comstock, Rept. U. S. D. A., 1880, pp. 325, 326, pi. xix, fig. 2.* 

Amorpha (an ezotic), ibid. 

Water locust, ibid. 

Raspberry, ibid. 

Mihea alperum, ibid. 

Z^onicera pulverulenta^ ibid. 

Planera kaku, ibid. 

Pennsylvania maple, Hopkins, Can. Ent., XXVII, p. 248, 1896. * 

Cornus califomious, Okll., Can. Ent., XXVII, pp. 259, 260, 1895.* 

Vihurnum, King, Can. Ent., XXXI, p. 228, Aug. 1899.* 

Spirœa aruncust ibid. 

Cornus alternifolia, ibid. 

Ailanihua glandulosua^ Maskell, Ent. Mo. Mag., XXXIII, p. —, Nov. 1897.* 

Siillingia sebifera, ibid. 

Common broom, Sarothamnus acopariuSf Newstead, Ent. Mo. Mag., XXIX, 

p. 138, 1893.* 
Cytisus nubigenus, ibid.* 

Coooa-palm leaves, Morgan, Ent. Mo. Mag., XXV, p. 350, Aug. 1889.* 
Currant, Hunter, Bull. Dept. Ent., p. 25^ Jan. 1898. 
Uorse-cheetnut, ibid. 
Maple, ibid. 
Water locust, ibid. 
Honeysuckle, ibid. 
Elm, ibid. 
Hackberry, ibid. 
Cottonwood, ibid. 
Willow, ibid. 

Wild red cherry, Lochhead, Ont. Dept. Agr., p. 41, Mar. 1900. 
Grape, ibid. 
Spirea, ibid. 
Juneberry, ibid. 
Birch, ibid. 
Rose, ibid. 
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Bittersweet, Loohhead, Ont. Dept. Agr., p. 41, Mar. 1900. 

Walnut, Smith, N. J. Agr. Ezp. Sta., p. 140. 

Buttera ut, ibid. 

Sycamore (Maskell), Ckll., Proo. Nat. Mut., yol. XIX, p. 736. 

Didspis snawii Hunter. 
Salix nigra, Hunter, K. U. Quart., VIII, No. 1, p. 15. 

Lecanium (Maclurœ) aurantiacum Hunter. 
Osage orange, Maclura aurantiaca^ Hunter, K. U. Quart., VIII, No. 2, p. 69. 

Lecanium canadense Ckll. 
Ulmuè raoemoaa, Ckll., Can. En t., p. 254, 18d5. 
Ulmua americana (Qlenn), Hunter, K. U. Quart., VIII, No. 2, p. 69. 

Lecanium hansasense Hunter. 

Cersis canadenaia^ Hunter, K. U. Quart, VIII, No. 2, p. 69. 
Juglana nigra, Hunter, K. U. Quart., VIII, No. 2, p. 70. 
UlmtAê fulva^ Hunter, ibid. 

Lecanium cockerelli, nov. sp., Hunter. 
Ulmua americana, Hunter, K. U. Quart., VIII, No. 2, p. 70. 
Juglana-nigra, Hunter, K. U. Quart., VIII, No. 2, p. 71. 
Oak, Quercua sp., King, Can. En t., vol. —, p. 252. 
Sweet fera, Comptonia aaplenifolia, ibid. 

Plum, Hunter, K. U. Quart., vol. IX, Ser. A, No. 2, p. 107, Apr. 1900. 
Hickory, ibid. 

Populua sp., i(ing. Psyché, IX, p. 117, Oot. 1900. 
Wiid crab-apple on University campus, Hunter. 

Lecanium artneniacum Craw. 
Plum, Hunter, K. U. Quart, VIII, No. 2. p. 71. 
Grape-vine, Country Grentleman, June 16, 1898. 
English gooseberry, Felt, Bull. N. Y. Mus., VI, No. 31, p. 617. 
Aprioot, Webster, Can. Ent., XXX, No. IV, 1898. 
Prune, ibid. 
Cherry, ibid. 
Pear, ibid. 
Peacb, Cockerell, Jour. N. Y. Ent Soc., VII, p. 257, Dec. 

Lecanium hesperidum Linnœus. 

Pittoaporum (Coq.), Ckll., Proc. Nat M., XIX, p. 727. 

Tea plant, Camellia, ibid., p. 728. 

Abutilon, Gillette and Baker, ibid., p. 729. 

Citrus tree, Comst, 2d Corn. Univ. Rept., p. 139. 

Holly, Ckll., Proc. Nat M., XIX, p. 733. 

Grape-vine, Coq., Bull. 26, Div. Ent U. S. Dept Agr., p. 26. 

Bhua integrifolia (Coq.), Ckll., Proc. Nat M., XIX, p. 736. 

Schinua molle, ibid., p. 737. 

Cultivated locust, Bobiaia paeudacacia, ibid., p. 738. 

Aprioot, Coq., Bull. 26, Div. Ent U. S. Dept. Agr., p. 26. 

Rose, ibid. 
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Loquat, Coq., Bail. 26, Div. Ent. U. S. Dept. Agr., p. 26. 

Ash, ibid. 

Box, Buxuê sempervirenSi Maskell, 8ca. Ins. N. Z., p. 111. 

Willow, Ck)q., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 26. 

liombardy poplar, ibid. 

Orchid, Dendrohium, Ckll., Trans. Amer. Eot. Soc. 1893, p. 40. 

Hippeastrum équestre, Ckll., Proc. Nat. M., XIX, p. 777. 

Palm, Ckll., Ins. Life, VI, p. 103. 

Calla lily, Coq., Bail. 26, Div. Ent. U. S. Dept. Agr., p. 26. 

Engliflh ivy, Hedera hélix, Hanter, K. U. Quart., VIII, No. 2, p. 75. 

Oleander, Comst, 2d Corn. Univ. Rept., p. 140. 

Rubber tree, Ficim macrophylla, Coq., Bull. 26, U. S. Dept. Agr., Div. Ent, 

p. 26. 
Euonymua, ibid. 
Maple, Acer dasyoarpum, ibid. 
Bhamua croeea, ibid. 
Heteromeles arbutifolia, ibid. 
Fig, ibid. 

Houee fem, N. Y. Mus., 13th Rept., p. 374, 1897. 
English laurel, Pelt, Bull. N. Y. Mus., V, No. 23, p. 260. 

Aralia, Gillette and Baker, Colo. Agr. Ezp. Sta., Bull. 31, Tech. Ser., No. 1, p. 127. 
Ficus elastica, ibid. 
Bhyncfiospermum jasimoides, \\}\à, 
Veronica /^ender«omt, Gillette and Baker, Colo. Agr. Exp. Sta., Bull. 31, Tech. 

Ser., No. 1, p. 127. 
"Fitolaca," Townsend, Bull. 4, Tech. Ser., Div. Ent. U. S. D. A., pp. 11 and 13, 

1896.* 
Guava, ibid.* 

Maitenus boaria, Cockerell, Act. Soc. Sci. Chili, V, p. XXIV, 1895.* 
Areca caiechu, Ckll., Insect Life, V, p. 159, 1893.* 
Pepper tree, Riley and Howard, Insect Life, IV, p. 294, 1892.* 
Bertolonia marchantiy Green, Ent. Mo. Mag., XXXIII, p. 71, Mar. 1897.* 
Lucuma multifloray Green, ibid.* 
Dalbergia lanceolaria, ibid.* 
Hedera amurensis, ibid.* 
Carica papaia, Maskell, Ent. Mo. Mag., XXXIII, p. 243, Nov. 1897.* 

*«Ohia," , ibid.* 

Lecaniuni coffeœ Walker. 

Sword fem, Pteris, Hunter, K. U. Quart., VIII, No. 2, p. 75. 

Tea plant, Camellia, Cotes, Ind. Mus. Notes, 1895. 

Cofifee, Coffeœ sp., Ckll., Bull. Bot. Dept. Jamaica, p. 71, 1894. 

Orange, King, Can. Ent., p. 140, vol. — . 

Diospyros, ibid. 

Oleander, ibid. 

Chrysophyllum, ibid. 

Sago palm, ibid. 

Croton variegatum, ibid. 

Cycas revoluta, Ckll. and Parrott, Industrialist, May, 1899, p. 276.* 

Psidium, Hempel, Riv. Mus. Paulista, IV, p. 426, 1900.* 

Oardenia, Atkinson, Jour. Asiat. Soc. Bengal, LV, pt. II, No. 3, pp. 282-284, 

1886.* 
Gardénia florida, Maskell, Ent. Mo. Mag., XXXIII, p. 243, Nov. 1897.* 
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Lecanium oleœ Beraard. 

Camellia, Camellia japonica^ Ckll., Proc. Nat. M., XIX, p. 528. 

*'Braohœton," meaning perhaps BraohychitoD, ibid., p. 730. 

LigQum-yitœ, Ouaiacum officinale, ibid., p. 731. 

Holly (Coq.), Ckli., ibid., p. 733. 

Euonymus sp. (Coq.), Ckll., ibid., p. 734. 

Grape-yine, VitU inconstana, Ins. Life, 1893, p. 160. 

Sycamore (Coq.), Ckll., Proc. Nat. M., XIX, p. 736. 

Schinua molle, in Mexico (Coq.), ibid., p. 737. 

Apricot, Comst., 2d Corn. Univ. Rept., p. 140. 

Rose, ibid. 

Guava (Coq.), Ckll., Proc. Nat. M., XIX, p. 748. 

Pomegranate, Punica granatum, Ckll., ibid., p. 750. 

Cape jessamine, Oardenia Jaainoidea (Comst.), Ckll., ibid., p. 752. 

Artemiaia califomica (Coq.), Ckll., ibid., p. 754. 

Ash, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28. 

Linguatrum lucidum, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28. 

Red pepper, ibid. 

Phoradendron flaveacena (Johns.), Ckll., Proc. Nat. M., XIX, p. 764. 

In Calif. Enfagua sp.. Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28. 

Cpcas revoluta, Coq., ibid., p. 29. 

Hippeaatrnm equeatre, in Mexico, Ckll., Ins. Life, V, p. 245. 

Palm, Comst., 2d Corn. Univ. Rept, p. 140. 

Oleander, Nerium oleander, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr. 

Photinia or Heteromelea arbutifolia, ibid, p. 28. 

Citrus, Comst., 2d Corn. Univ. Rept., p. 140. 

Olive, ibid. 

Live oak, Bull. Bot. Dept. Jamaioa, p. 12, 1894. 

Peas, ibid. 

Plum, Ckll, Bull. Bot. Dept. Jamaica, p. 12, 1894. 

Bittersweet. ibid. 

Apple, ibid. 

Euoalypiua sp., ibid. 

Almond, ibid., p. 72. 

Acer daaycarpum, ibid. 

Artemiaia califomica, ibid. 

Abutilon, ibid. 

Ehua integrifoUa (Coq.), ibid. 

Baccharia virminalia, ibid. 

Ficua macrophylla, ibid. 

Habrothamuua elegana, ibid. 

Irish Juniper, ibid. 

Myoaporum, ibid. 

Melalenca pur pur ea, ibid. 

English laurel, ibid. 

Beech, ibid. 

Rhannua crocea, ibid. 

Orevillea robuata, ibid. 

I/iguatrum japonicum., ibid. 

Indian cedar, ibid. 

Cedar of Lebanon, ibid. 

Castor-bean, ibid. 
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Sonchus oleracena, Ckll., Bull. Bot. Dept. Jamaioa, p. 12, 1894. 

AbutUon, Coq., Bull. 26, Div. Eut. U. S. Dept. Agr., p. 29. 

Naphitum liUchiU Osborn, Proc. lowa Acad. Sci., p. 226, 1897. 

Lombardy poplar, Coq., Bull. 26, Div. Ent. U. S. Dept. Agr., p. 28. 

Pepper tree, ibid. 

Solanum jaaimoidea^ Gillette and Baker, Bull. 31, Colo. Ezp. Sta., p. 127, May, 

1895.* 
Platycerium alcicorne, ibid.* 
Eriodendron, CklL, Appdx. Bull. Mise. Information (Trinidad), II, pp. 3 and 4, 

No. 23, Apr. 1896.* 
Fem, Ckll., Amer. Nat, XXIX, p. 727, Aug. 1895.* 
Caasinia ceptophylla, Maekell, XVII, p. 28, 1884 (1885).* 
Calabassa tree, Bueck., Bull. 22, n. s., Diy. Ent. U. S. D. A., p. 92, 1900.* 
Honey-locuet, ibid.* 
Chiazuma ulmifolia, ibid.* 
Terminalia catappa, ibid.* 
Meyenia alba, Ckll., Ineect Life, V, p. 160, 1893.* 

Mango , ibid.* 

Yucca, Ckll., Can. Ent., XXVII, p. 257, Sept. 1895.* 

Deciduous magnolia, Craw., Bull. 4, Tech. Ser., Diy. Ent. U. S. D. A., p. 40., ft.- 

note, Apr. 1896.* 
Pelargonium, Townsend, Bull. 4, Tech. Ser., Div. Ent. U. S. D. A., pp. 11 and 

13, 1896.* 
"Marguerita," ibid.* 
Catalpa, ibid.* 

Croton eluteria, Green, Ent. Mo. Mag., XXXIII, p. 72, fig. 2, Mar. 1897.* 
Brexia, ibid.* 
Avicennia nitida, ibid.* 
Elœodendron orientale, ibid.* 
Cariasa apinarum, ibid.* 
Cateabœa apinoaa, ibid.* 
Aralia elegantiaaima, ibid.* 
Macrozamia frazeri, ibid.* 

Lecaniodiaspis (?) parî*otti Hunter. 
jEaculua glahra, Hunter, K. U. Quart., VIII, No. 2, p. 76. 

Lecaniodiaspis celtidis Ckll., subsp. pruinosus Hunter. 
Ulmua americana Hunter, K. U. Quart., VIII, No. 2, p. 77. 

Chionaspis ortholobis Comst. 

Willow, Salix sp., Comst., 2d Corn. Univ. Rept, p. 140. 
Cottonwood, Populua sp., Hunter, K. -U. Quart., IX, No. 2, p. 101. 
Populua grandidentata King, Psyché, IX, p. 117, Cet. 1900. 

Chionaspis salicis-nigrœ Walsh. 

Ash, Comst., 2d Corn. Univ. Rept, p. 139. 

Poplar (Osborn), Cooley, Spec. Bull. Mass. Agr. Coll., p. 21, Aug. 1899. 

Willow, Cooley, Spec. Bull. Mass. Agr. Col., p. 21, Aug. 

Cottonwood, ibid. 

Salix alba, ibid. 

Salix alba, var. camellia, ibid. 
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Salix nigra^ Cooley, Spec. Bull. Mais. Agr. Col., p. 21, Aug. 1899. 

Cornus puhescens^ ibid. 

CornuB aaperlfolia^ ibid. 

Balm of Gilead, ibid. 

RuBsian poplar, ibid. 

Liriodendron tulipifera, ibid. 

Cornue stolonifera, ibid. 

Cornue aericea, ibid. 

Ceanothuêt ibid. 

Amelanchier oanadenêie^ ibid. 

Chiotvaspis antericana Johns. 
Ulmuê amerieana ( Johna.), Ckll., Proc. Nat. M., XIX, p. 765. 

Chiofuispiê platani Cooley. 
Syoamore (Parrott), Cooley, Speo. Buïl. Hatch Ezp. Sta., Aug. 1899, p. 36. 

Chionaspis pinifoliœ Fitch. 

Fine, Comat., 2d Corn. Rept, p. liO, 1880. 

Firs and spruoes, Gillette and Baker, Hemiptera of Colorado, p. 129. 

Pinua atrobua, Cooley, Speo. Bull. Hatch Ezp. Sta., Aug. 1899, p. 33. 

Pinua reainoaa, ibid. 

PintAa excclaa^ ibid. 

Pinua mitia, ibid. 

Pinua cembraf ibid. 

Pinua pyrenaica, ibid. 

Pinua laricia^ ibid. 

Pinua aylveairiat ibid. 

Pinua auatriaca, ibid. 

Pinua puniliOt ibid. 

Paeudotauga taxifoHa, ibid. 

Abiea excelaa^ ibid. 

Abiea nigra, ibid. 

Abiea alba^ ibid. 

PnlviuaHa innnme^Hibilis Rathy. 

Tilia sp., Ckll., Proc. Nat. M., XIX, p. 730. 

Euonymua (Riley), Ckll., Proc. Nat. M., XIX, p. 734. 

Vitia inoonatana^ also on wildgrape, Ckll., Proc. Nat. M., XIX, p. 735. 

Sycamore (Riley), Ckll., ibid., p. 736. 

Roaa sp., Riley, Rept. Dept. Agr., 1884. 

Garden currants, Ribea rubrum and nigrum^ Riley, Rept. Dept. Agr., 1884. 

Fraxinua nigra (Sambricifolia), Mundt, Can. Ent., 1884, p. 240. 

Poplars, Populua balaainifera^ ibid. 

Mulberry, Morua rubra^ ibid. 

Oak, Quercua sp., Riley, Rept. Dept. Agr., 1884. 

White elm, Ulmua amerieana Hunter, Q. U. Quart., IX, No. 12, p. 104. 

Black walnut, Juglana nigra^ ibid. 

Maple, ibid. 

Silver maple, Putnam, Dav. Acad. Nat. Soi., p. 294. 

Beech, ibid. 

Sugar maple, ibid. 

Box-elder, ibid., p. 338. 
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LocuBt, PutDam, Dav. Âcad. Nat. Sci., p. 338. 

Sumac, ibid. 

Soft maple, Fitoh, Trans. N. Y. St. Agr. Soc. 1859, XIX, pp. 775, 776, 

^8Ctdu8 flava, King, Psyché, p. 154, Jan. 1901. 

Virginia oreeper, ibid. 

Tilia europœat Mann, Psyché, IV, p. 22i, 1884. 

Bobinia paeudacacfat ibid. 

Vitis labruscat ibid. 

Bhu8 glabra, ibid. 

Vitis riparia, ibid. 

FaguSf ibid. 

SaliXf ibid. 

Maclura^ ibid. 

Quercus^ ibid. 

Ulmuêf ibid. 

Platanus, ibid. 

Eibea, ibid. 

Euonymus, ibid. 

CeltiOf ibid. 

Morus rubra, Howard, Bull. 22, n. 8., Div. Ent. U. S. Dept. Agr., p. 8, 1900. 

Aralia japonica^ ibid. 

Vtburnum dentatum, King, Psyché, IX, p. 117, Oct. 1900. 

Strawberry, Forbes, 13th Ann. Bept. losects 111., p. 98, 1883 (1881). 

Pulvinaria pruni Hun ter. 

Plum, Hunter, K. U. Quart, IX, No. 2, p. 105. 

Barlatoria pergandii Comst. 

Orange, Citrua sp., Comst., 2d Corn. Univ. Rept., p. 140. 

Tangerine, Felt-, Bull. N. Y. St. M.. VI, No. 31, p. 618. 

Date palm, King, Can. Ent., p. 228. 

Variegated oroton, Ckll., Jour. Inst. Jamaica, I, p. 55, Feb. 1892.'*' 

Chionaspis furfura Fitch. 

Apple, Cooley, Hatch Ezp. Sta. Mass. Agr. Col., Sp. Bull., p. 28, 1899. 

Cherry, ibid. 

Currant, ibid. 

Japan quince, ibid. 

Crab-apple, ibid. 

Mountain ash, ibid. 

European mountain ash, ibid. 

Black walnut, ibid. 

Biack-cap raspberry (Osbom), ibid. 

Rhamnua catharticua (King), ibid. 

Clethra alnifolia (King), ibid. 

Pyrua arbutifolia (Kirkland), ibid. 

Pyrus nigra (Kirkland), ibid. 

Pyrua hetrophylla (Kirkland), ibid. 

Pyrua aalicifolia pendula (Kirkland), ibid. 

Pyrua floribunda (Kirkland), ibid. 

Pyrua apectabilia (Kirkland), ibid. 

Pyrua pinnaiofllia (Kirkland), ibid. 

Ribea aanguinem (Morgan), ibid. 
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Choke cherry, Prunus vlrginiana (Howard), King, Psyché, vol. VIII, 1899, 

p. 335. 
Black cherry, Prunus serratina, ibid. 
Wild red cherry. Prunus pennsylvanica, ibid. 
Pear, Pyrus communis^ ibid. 
Peach, Persica vulgaris^ ibid. 
Cherry currant, Rihes sp., ibid. 
Red flowering currant, Ribes sanguinem, ibid. 
European mountaio ash, Larbus anicuparia, ibid. 
Flowering quince, King, ibid. 
Shadbush, Amelanchier canadensis, 
Black aider, Clethra alnifolia^ ibid. 

Amelanchier canadensis, King, Psyché, IX, pp. 117, 118, Oct. 1900. 
Populus grandidentata, ibid. 

Mytalaspis citricola Packard. 

Oitrus trees, Ckll., Proc. Nat. Mus., vol. XIX, p. 732. 

Banksia integrifolia (Maskell), Ckll., ibid., 763. 

Kroton (Biaskell), Ckll., ibid., p. 765. 

Toddalia aculeata, Green, Coccidœ of Ceylon, part I, pp. 78-80, pi. XX, 1896. 

Myrraya, Cockerell, Insect Life, p. 160, 1893*. 

Cocculus indicus, Green, Indian Mus. Notes, IV, No. 1, p. 4, 1896(reprint, p. 3).'^ 

Tangerine, Riley and Howard, Insect Life, VI, p. 51, 1893. * 

Taxus cuspidata, Mask., Ent. Mo. Mag., XXXIII, p. 241, Nov. 1897. * 

Quercus, ibid.* 

Redîmes pubescens Bogue. 

Scrub oak. Bogue, Can. Ent., vol. 30, p. 172. 

White oak, King, Quercus sp., Can. Ent., vol. 30, p. 139. 

Kermès nivalis King and Ckll. 
Quercus alba^ King, Can. Ent., vol. 30, p. 139. 

Orthesia graminis Tinsley. 

Culms and blades of grass, Tinsley, Can. Ent. vol. 30, p. 13, 1898. 
Goldenrod, Solidago sp., Hunter, K. U. Quart., vol. X, A, p. 107.* 
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do Scott, Bull. 26, n. s., Div. Eut. U. S. Dept. Agr., p. 50, 

(1900).* 

Aspidiotus uhni, 

Asptdiotua ulmi Johnson, 111. St. Lab. Nat., vol. IV, No. 13, p. 388, (1896). 

U. S. Dept. Agr., Div. Ent., Bull. 6, n. a., p. 75, (1896. 
Ent. News, vol. VII, p. 152, (1896).* 
do Cockerell, Bull. VI, Tech. Ser., Div. Ent. U. S. Dept. Agr., p. 

22, (1897). 
Can. Ent., vol. XXIX, p. 266, (1897). 
Bull. lU. St. Lab. Nat. Hist, vol. V, art. VIII, p. 
396, No. 1026,(1899). 
do Newell, Cont. from Ent. Dept. lowa Ag. Col. No. 3, p. 28, (1899). 

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 6, (1899). 

Aspidiotus femaldL 

Aapidiotus femaldi albiventer^ Hunter, K. U. Quart., vol. 8, No. 1, p. 6, (1899). 
do cockerelli, Parrott, Can. Ent., vol. 31, No. 1, p. 10, (1899). 

do alhivenier^ Newell, Cont. from Ent. Dept. lowa St. Agr. 

Col. No. 3, p. 19, (1899). 

Aspidiotus obscurus. 

Aspidiotus obscurus Comstock, Rept. Ent. in Rept. Com. of Agr., p. 303, (1880). 
do Forbes, 20th Ann. Rep. Ins. 111., pp. 15, 16, (1895).* 

do Cockerell, Dept. Agr., Div. Ent, Tech. Ser., No. 6, pp. 9 

and 21, (1897). 
do Leonardi, Rivista Pat. Veg., vol. VII, pp. 205-207, ( 1898).* 

do Hunter, K. U. Quart, vol. VIII, No. 1, p. 7, ( 1899). 

do Scott, Bull. XXVI, n. s., Div. Ent U. S. Dept Agr., p. 

50, (1900).* 

Aspidiotus juglans-regiœ* 

Aspidiotus jugïans-regiœ Comstock, Rept. Ent. in Rept. Com. Agr., p. 300, 

(1880). 
do Colvee, Bull. Soc. Ent Pr., ser. 6, vol. I, p. CLXV,* 

( 1881 ). (Describes it as a juglandis.) 
do Comstock, 2d Rept Corn. U. Ezp. Sta., p. 61, (1883). 

do Howard, U. S. Dept. Yearbook, pp. 251-252, 254, 

264,265,(1894). 
do Riley and Howard, Ins. Life, vol. VI, p. 328, ( 1894 ).* 

Can. Ent, vol. 26, No. 2, p. 36, (1894). 

Can. Eut, vol. 26, p. 131, (1894). 
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AêpidioifM Juglanaregiœ Cookerell, Proc. U. S. Nat. Mus., vol. XVII, pp. 615- 

625,(1895). 
Garden and Foreet, VIII, p. 513, 25, (1895).* 
Bull. 111. Sfe. Lab. Nat. Hist., vol. IV, art XI, 
p. 333, No. 551, p. 334, (1896).* 
do Lintner, Bull. 6, d. s., Div. Eut. U. S. Dept. Agr., p. 

60,(1896).* 
do Johnson, Dept. Agr., Div. Ent, Bull. VI, pp. 75-78, 

(1896). 
do Cookerell, Div. Ent. U. S. Dept. Agr., Tech. Ser., 

Bull. VI, pp. 18-21, (1897). 
do Stornes, Qa. Sta., Bull. 36, p. 31, (1897). 

do Hillman, Nev. Sta., Bull. 36. 

do Osborn, Proc. lowa Acad. Sci., V, p. 230, (1897).*' 

do Leonardi, Riv. di Pat. Veg., vol. VI, p. 67, (1897). 

Riv. di Pat. Veg., vol. VII, 40, (1898).* 
do Cookerell, Bull. St. Lab. Nat. Hist, vol. V, art VII» 

p. 396, No. 589, (1899).* 
Bull. 32, Ariz. Ezp. Sta., p. 282, (1899).* 
do Newell, Cont. from Eut. Dept. lowa St. Agr. Col. 

No. 8, p. 19, (1899). 
do Femald, Corn. Pa. Dept. Agr., Bull. No. 43, p. 19, 

(1899).* 
do Hunter, K. U. Quart, vol. VIII, No. 1, p. 8, (1899). 

do Lochhead, Ont Dept Agr., p. 38, (1900). 

do Scott, Bull. 26, n. s., Div. Ent U. S. Dept Agr., p. 

50, (1900).* 
do Morgan, La. Sta., Bull. 28, 2d ser., pp. 282-1006, 

(18-).* 

Aspidiotuê pemiciosuê. 

Aapidioiuê perniciosua Comstock, Rept Comr. Agr. 1880, pp. 304, 305, (1880). 

do Cooke, Treatise on Ins. Inj . to Frt. and.Frt. Trees, ( 1881 ). 

do Riley, Rept U. S. Dept Agr., Div. Ent, p. 65, (1881).* 

do Chapin, Rept Comr. Agr., pp 207, 208, (1882). 

Ist Rept. St. Bd. Hort. Cal., pp. 6&-68, ( 1882).* 
Reprint Pacif. Rur. Press, pp. 2-5, (1882).* 

do Cooke, Rept Comr. Agr., pp. 66, 208, (1882). 

Ins. Inj. to Orchards, pp. 60-63, (1883). 

do Chapin, Rept Cal. St Bd. Hort, p. 91, (1883). 

Bull. No. 2, St Bd. Hort., (1884). 

do Klee, Rept. Cal. St. Bd. Hort, pp. 373-375, 1885-86, 

(1887); ibid., p. 404, (1881). 

do Klee, Hatch, Buck, et aL, discussion, ibid., (1887). 

do Boggs, ibid., p. 12, (1887). 

do Rose, Brittan, and Milco, ibid., pp. 40, 41, (1887). 

do Klee, Rept St. Bd. Hort., 1887-'88, p. 245, (1888). 

do Klee, Treatise on Ins. Inj. to Frt. and Frt Trees of 

Cal., pp. 10,11,(1888). 

do Cooper, Pacific Rur. Press, pp. 146, 147, (1889). 

do Coquillett, Weekly Blade, (1890). 

do Washburn, Bull. 5, Ore. Agr. Ezp. Sta., p. 23, (1890). 
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Aspidioius perniciosus LeloDg, Rept. Cal. Sta. Bd. Hort., 1889, p. 170, (1890). 
do Riley and Howard, Insect Life, vol. III, p. 69, (1890). 

do Keroheval and Gray, Insect Life, vol. II, p. 312, (1889). 

do Freeman, Insect Life, vol. III, p. 68, (1890). 

do Riley, Rept. U. S. Dept. Agr., Div. Ent., p. 262, (1890).* 

do Gregorson, Insect Life, vol. III, p. 169, (1890). 

do Collins, Rept. Cal. St. Bd. Hort., 1890, (1890). 

do Coquille tt, Bull. 23, Div. Ent. Dept. Agr., pp. 19-36, 

(1891). 
do Allen, Bull. No. 2, Ist Bien. Rept. Ore. St. Bd. Hort., 

1891, pp. 43-46, (1891). 
do Riley and Howard, Insect Life, vol. III, p. 426, (1891). 

do Insect Life, vol. III, p. 487, (1891). 

do Insect Life, vol. IV, p. 83, ( 1891). 

do Lelong, Rept. St. Bd. Hort. Cal. for 1891, (1892). 

do Craw, Rept. Cal. St. Bd. Hort. for 1891, (1892). 

do Coquillett, Rept. on Sca. Ins. of Cal., (1891), Bull. 26, 

Div. Ent., pp. 21-25, (1892). 
do Craw, Rept. Cal. St. Bd. Hort. 1891, p. 285, (1892). 

do Riley, Rept Ent. for 1891, p. 244, (1892). 

do Townsend and Tyler, Bull. 7, N. M. Agr. Ezp. Sta., 

pp. 6, 7,(1892). 
do Olliflf, Agr. Gazette, N. S. Walee, pp. 298, 299, (1892) 

do Riley and Howard, Insect Life, vol. V, p. 53, (1892). 

do Riley, Insect Life, vol. V, p. 127, (1892). 

do Koebele, Albert, Craw, Rept. Importation Parasites and 

Pred. Ins., p. 15, (1892). 
do Coquillett, Insect Life, vol. V, p. 251, (1893). 

do Riley and Howard, Insect Life, vol. V, p. 280, (1893). 

do Cockerell, Ann. Mag. Nat. Hist., p. 406, (1893).* 

do Allen, Bull. No. 5, 2d Rept. Bien. Rept. Ore. St. Bd. 

Hort.,pp. 67-69, (1893). 
Bull. No. 6, 2d Bien. Rept. Ore. St. Bd. Hort, 
pp. 83-86, (1893). 
do Cockerell, Bull. No. 10, N. M. Agr. Ezp. Sta., pp. 14-16, 

(1893). 

do Koebele, Insect Life, vol. VI, p. 26, (1893). 

do Spécial Bull. U. S. Dept Agr., p. 39, (1893.) 

do Ehrhorn,Rept Cal. St.Bd. Hort.,1893-'94,p.375,(1894). 

do Cockerell, Can. Ent, vol. XXVI, p. 32, (1894). 

do Smith, Insect Life, vol. VII, pp. 185-186, (1894).* 

Insect Life, vol. V, p. 312, (1894).* 

do Coquillett Insect Life, vol. VI, p. 253, (1894). 

do Schwarz, Insect Life, vol. VI, p. 247, (1894). \ 

do Riley and Howard, Insect Life, vol. VI, p. 207, (1894). 

do Howard, Cire. No. 3, 2d ser., Div. Ent., 10 pp., (1894). 

do Lawson, Chronicle (Halifax, N. S.), (1894). 

do Lelong, Pacific Rural Press, (1894). 

do Riley and Howard, Insect Life, vol. VI, p. 286, (1894). 

do Coquillett, Insect Life, vol. VI, p. 324, (1894). 

do Smith, Ent News, vol. VII, pp. 182-184, (1894). 

Garden and Forest vol. VII, p. 344, (1894). 
•-K.U.Qr. l-x8 
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Aspidiotus pemici08U8 Riley, Rept. Ent. for 18Ô3, (1891). 

do Riley and Howard, Insect Life, vol. VI, p. 360, (1894). 

do Riley, Proc. Amer. Adv. Soi., vol. XLIII, p. 229, (1894). 

do Howard, Insect Life, vol. VII, p. 153, (1894). 

do Smith, Insect Life, vol. VII, p. 163, (1894). 

do Aldrich, Insect Life, vol. VII, p. 201, (1894). 

do Cockerell, Insect Life, vol. VII, p. 207, (1894). 

do Sirrine, Garden and Forest, vol. VII, p. 449, (1894). 

do Smith, Bull. 106, N. J. Ezp. SU., p. 24, (1894). 

do Lintner, Albany Eve. Jour., (1894). 

do Howard, Can. Ent., vol. XXVI, p. 353, (1894). 

do Lintner, Rural New Yorker, vol. LUI, p. 791, (1894). 

do Thorne and Webster, Ohio Ezp. Sta., Emerg. Poster 

Supp. Bull., p. 56, (1894). 
do Fletcher, Evidence before Com. on Agr., p. 19, (1894); 

25th An. Rept. Ent. Soc. Ontario, pp. 73-76, (1894). 
do Smith, Rept. Ent. Dept. N. J. Agr. Col. Exp. Sto. for 

1894, (1895). 
do Webster, Bull. 56, Ohio Exp. Sta., for 1894 (1895). 

do Weed, Bull. No. 23, N. H. Agr. Exp. Sta., (1894). 

do Smith, Ent. News, p. 312, (1894). 

do Webster, Proc. Columbus, Ohio, Hort. Soc., pp. 168-169, 

(1894). 
do Riley, Rept. Va. Sta. Bd. Hort. Soc. , pp. 172-178, ( 1894 ). 

do Rolfs, Proc. 7th Ann. Meet. Fia. Hort. Soc., pp. 94-99, 

(1894). 
do Howard, Year-book U. S. Dept. Agr. for 1894, pp. 249- 

276, (1895). 
do Fletcher, Rept. Exptl. Farms Canada for 1894, pp. 183- 

226, (1895). 
do Webster, Ohio Farmer, p. 157, (1895). 

do Boaz, So. Planter, p. 119, (1895). 

do Sirrine, Bull. No. 87, N. Y. Sta. Agr. Exp. Sta., (1895). 

do Webster, Entomology, (1895). 

do Howard, Proc. Ent. Soc. Wash., vol. III, pp. 219-226 

(1895). 
do Sturgis and Britton, Bull. No. 121, Conn. Agr. Exp. Sta., 

pp. 6-14, (1895). 
do Sturgis, 19th Ann. Rept. Conn. Agr. Exp. Sta., for 1896, 

(1896). 
do Washburn, Bull. No. 38, Ore. Agr. Exp. Sta., pp. 7, 8, 

(1895 . 
do Webster, Ohio Farmer, p. 315, (1895). 

do MeCarthy, Bull. No. 120, N. C. Agr. Exp. Sta., (1896). 

do Hillman, Bull. No. 29, Nev. Agr. Exp. Sta., p. 8, (1895). 

do Piper, Bull. No. 17, Wash. Agr. Exp. Sta., (1895). 

do Schiedt, Rept. Pa. Sta. Bd. Agr., pp. 579^584, (1895). 

do Gillette and Baker, Bull. 31, Colo. Exp. Sta. , p. 128, (1896). 

do Maskell, Agr. Gazette, N. S. Wales, vol. VI, pp. 868- 

870, (1895). 
do Cockerell, Can. Ent., vol. XXVII, pp. 16, 17, ( 1895) ; Bull. 

2, n. 8., Div. Ent. U. S. Dept. Agr., p. 94, (1896). 
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Aêpidiotuê pemicîOBUS Giard, Act. Soc. Soi. Chili, vol. V, p. 147, (1895). 
do Smith, Ent. News, vol. VI, pp. 153-157, (1895). 

do Slingerland, Rural New Yorker, vol. LVI, p. 5, (1895). 

do Fox and Edge, Cire. Pa. St. Bd. Agr., (1895). 

do Howard, Insect Life, vol. VII, pp. 283, 333, 359, 360, 

(1895). 
do CoUingwood, Rural New Yorker, vol. LIV, p. 167, ( 1895 ). 

do Collier, Bull. 87, n. s., N. Y. Agr. Exp. Sta., p. 10. (1895). 

do Riley, Bull. 32, Md. Agr. Exp. Sta., (1895). 

do Davis and Taft, Bull. 121, Mich. Agr. Exp. Sta., pp. 36- 

38,(1895). 
do Lintner, Bull. N. Y. St. Mus., vol. III, No. 13, pp. 275- 

303,(1895). 
do Hoffman, The Student, ( 1895). 

do **Rather Perplexed" (pseud.), So. W. Farm and Or- 

chard, (1895). 
do Smith, Ent. News, vol. VI, pp. 153-157, (1895). 

do Beckwith, Bull. 25, Del. Coll. Agr. Exp. Sta., p. 8, (1895). 

do Toumey, Bull. 14,Ariz. Agr. Exp.Sta.,pp. 32-47, (1895). 

do Marlatt, Insect Life, vol. VII, pp. 365-374, (1895). 

do Cockerell, New Mexioan, (1895). 

do Rolfs, Bull. 29, Fia. Agr. Exp. Sta., p. 19, (1895). 

do Fernald, Mass. Crop Rept., p. 23, (1895). 

do Maskell, Can. Ent, p. 14, (1896). 

do Sirrine, Ann. Rept. N. Y. Agr. Sta. for 1896, (1896). 

do Smith, Rept. Ent. Dept. N. J. Agr. Coll. Exp. Sta. for 

1895,(1896). 
do Garman, 8th Ann. Rept. Ky. Agr. Exp. Sta., for 1895, 

(1896). 
do Beckwith, Bull. No. 30, Del. Agr. Exp. Sta., p. 16, (1896). 

do Cooley, Bull. No. 36, Mass. Hatch Agr. Exp. Sta., pp. 

13-20,(1896). 
do Cordley, Bull. No. 44, Ore. Agr. Exp. Sta., p. 108, (1896). 

do Weed, So. Cultivator, (1896 ). 

do Alwood, Bull. 62, Va. Agr. SU., pp. 31-44, (1896). 

do Cockerell, Bull. No. 19, N. M. Agr. Exp. Sta., pp. 108- 

112,(1896). 
do Hopkins, Nat. Stockman and Farmer, p. 6, (1896). 

do Cook, Rural Cal., pp. 158, 159, ( 1896). 

do Stedman, Mo. Month. Crop Rept., (1896). 

do Kinney, Bull. No. 37, R. I. Agr. Exp. Sta., p. 43, (1896). 

do Alwood, Bull. No. 66, Va. Agr. Exp. Sta., pp. 77-90, 

(1886). 
do Webster, Bull. No. 72, Ohio Agr. Exp. Sta., pp. 211-217, 

(1896). 
do Smith, Bull. No. 116, N. J. Agr. Exp. Sta., p. 15, 

(1896). 
do Johnson, Bull. No. 42, Md. Agr. Exp. Sta., pp. 154-156, 

(1896). 
do Smith, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 46-48, ( 1896). 
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Aspidiotus pernicioêus Lîntner, Bull. No. 6, n. s., U. S. Dept. Agr., pp. 54r6l9 

(1896). 
do Johnson, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 6a-66, (1896). 
do Webster, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 66-70, (1896). 
do Ilopkins, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 71-73, (1896). 
do Alwood, Bull. No. 6, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 80-84, (1896). 
do Howard, Trans. Mass. Hort. Soc., p. 15, ( 1896). 

do Beckwith, Trans. Penin. Hort. Soc., pp. 85-90, (1896). 

do Webster, Aon. Rept. Ohio Sta. Hort. Soc., pp. 164-178, 

.(189^. 
do Lintner, llth Rept. on loj. Ins. St. N. Y., pp. 200-233, 

(1896). 
do Slingerland, Proc. West. N. Y. Hort. Soc. for 1896, p. 

18, (1896). 
do Smith, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr., pp. 

46-48, (1896).* 
do Green, Ent. Mo. Mag., vol. XXXII, p. 84, (1896).* 

do Hopkins, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr, 

pp. 71, 72, (1896).* 
do Maskell, Ent. Mo. Mag., vol. XXXII, pp. 33-36, (1896).* 

do Forbes, 20th Ann. Rep. Ins. 111., pp. 1-25, (189&-'96).* 

do Alwood, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr, 

pp. 80-81, (1896).* 
do Johnson, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr , 

pp.- 63-65, (1896).* 
do Webster, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 69, 70, (1896).* 
do Maskell, Trans. N. Z. Inst., vol. XXVIII, p. 386, ( 1896). 

do Howard and Marlatt, Bull. No. 3, n. s., Div. Ent. U. S. 

Dept. Agr., pp. 1-80, (1896). 
do Rolfs, Rept. Fia. Agr. Exp. Sta. for 1896, (1897). 

do Smith, Rept. N. J. St. Bd. Agr., 24 pp., ( 1897).* 

do Berlese and Leonardi, Riv. Pat. Veg., vol. VI, pp. 330- 

352,(1897).* 
do Coquillett, Rept. Dept. Agr., Div. Ent., p. 124, (1897).* 

do Webster, Proc. 52d Ann. St. Agr. Conv., Ck>lumbus, 

Ohio, (1897). 
do Sturgis, Conn. Agr. Sta. Rept. for 1896 (1897). 

do Baker, Bull. No. 77, Ala. Agr. Ezp. Sta., pp. 27-^1, 

(1897). 
do Alwood, Proc. Ga. St. Hort. Soc, pp. 38-42, (1897). 

do Forbes, Bull. No. 48, Agr. Exp. Sta., pp. 413-428, (1897). 

do Gillette, Bull. No. 38, Colo. Agr. Exp. Sta., pp. 33-39, 

(1897). 
do Alwood, Rept. 22d Meet. Amer. Ass. of Nurserymen, pp. 

25-32, (1897). 
do Garman, Bull. No. 67, Ky. Agr. Exp. Sta., pp. 43-59, 

(1897). 
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Aepidiotus perniciosits SlingerUnd, Rural New Yorker, p. 356, (1897). 
do Rolfs, GardeD and Forest, pp. 217, 218, ( 1897). 

do Husaey , Ohio Farmer, p. 487, ( 1897 ). 

do Webster, Can. Ent., p. 173, (1897); Bull. No. 81, Ohio 

Agr. Exp. Sta., pp. 177-212, (1897). 
do Cockerell, Bull. No. 6, Tech. Ser. Div. Ent. U. S. Dept. 

Agr., p. 31, (1897). 
do McCarthy, Bull. No. 138, N. C. Agr. Exp. Sto., pp. 45- 

55,(1897). 
do Forbes, Circular, (1897). 

do Baker, Bull. No. 86, Ala. Agr. Exp. Sta., (1897). 

do Rolfs, Bull. 41. Fia. Agr. Exp. Sta., pp. 519-542, (1897). 

do Panton, Rural Canadian, pp. 178, 179, (1897). 

do Smith, Cire. N. J. Agr. Exp. Sta., (1897). 

do Starnea, Bull. No. 36, Ga. Agr. Exp. Sta., p. 31, (1897). 

do Smith, Ent. News, pp. 221-223, (1897). 

do Alwood, Ist Ann. Rept. Insp. San José Se., 15 pp., (1897). 

do Cordley, Ore. Agr. à Rural N. W., p. 70, (1897). 

do Barrows, Bull. No. 9, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 27-29, (1897). 
do Webster, Bull. No. 9, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 40-45, (1897). 
do Johnson, Bull. No. 9, n. s., Div. Ent., U. S. Dept. Agr., 

pp. 80-82, (1897). 
Co Troop, Newspaper Bulletin, (18S7). 

do Webster, Ent. News, pp. 248-250, (1897). 

do Massey, So. Planter, p. 549, (1897). 

do Hopkins, W. Va. Farm Reporter, pp. 84-86, (1897). 

do Oabom, Bull. No. 36, lowa Agr. Exp. Sta., pp. 860-864, 

(1897). 
do Berlese and Leonardi, Riv. Pat. Veg., vol. VII, pp. 252- 

273,(1898).* 
do Leonardi, Riv. Pat. Veg., vol. VII, pp. 189-191, (1898).* 

do Osborn, Proe. lowa Acad. Soi., vol. V, p. 321, (1898).* 

do Symposium, Smith, Lowe, Waugh, Bailey, Willard, 

Lyon, Haie, and Bancroft, Rural New Yorker, pp. 

17,18,(1898). 
do Smith, E. N. Y. Hortieullurist, (1898). 

do Johnson, Bull. No. 17, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 39-43, (1898).* 
do Alwood, Bull. No. 72, Va. Agr. Exp. Sta., p. 11, (1898). 

do Cockerell, Entom., vol. XXXI, p. 239, (1898).* 

Ent. News, vol. IX, pp. 95, 96, (1898).* 
do Smith, Bull. No. 125, N. J. Agr. Exp. Sta., pp. 9-14, 

(1898). 
do Howard and Marlatt, Bull. No. 3, n. s., Div. Ent. U. S. 

Dept. Agr., p. 80, (1898). 
do Gk>uld, Bull. No. 144, Corn. Univ. Agr. Exp. Sta., pp. 

9-11,(1898). 
do Newstead, Entom., vol. XXXI, p. 98, (1898).* 

do Discussion, Proc. Ent. Soc. London, p. 13, ( 1898).* 
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Aspidioius perniciosua Smith, R«pt. Eot. Dept. N. J. Agr. C5ol. Exp. Sta. tôt 

1897, pp. 436-492, (1898). 
do Perkins, Bull. No. 60, Vt. Agr. Exp. Sta., pp. 12-14, 

(1898). 
do Forbe», 20th Rept. St. Ent. 111., pp. 1-25, (1898).. 

do Emory, Trans. Penin. Hort. Soc, pp. 107-113, (1898). 

do Bancroft, Trane. Penin. Hort. Soc., pp. 113-128, (1898). 

do Webb, Trane. Penin. Hort. Soc., pp. 114, 115, (1898). 

do Smith, Bull. No. 17, n. 8., Div. Ent. U. S. Dept Agr., 

pp. 32-39,(1898).* 
do Fletcher, Rept. Ent. Soc. Ontario, vol. XXVIII, pp. 

78,79,(1898).* 
do Johnson, Can. Ent., vol. XXX, pp. 82, 83, (1898).* 

do Webster, Can. Ent. vol. XXX, pp. 16^172, (1898).* 

do Felt., Bull. 17, n. s., Div. Ent. U. S. Dept. Agr., pp. 22, 

23, (1898).* 
do Hopkins, Bull. 17, n. s., Div. Ent. U. S. Dept Agr., 

pp. 44,45, (1898).* 
do Discuseions, Bull. 17, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 50-55, (1898).* 
do Matrdorff, Zeits. fur Pâanzenkranheiten, vol. VIII, p. 

1,(1898).* 
do Sorauer, Zeits. fur Pflanzenkrankheiten, vol. VIII, p. 

46, (1898) * 
do Sorauer, Zeit8. fur Pflanzenkheiten, vol. VIII, p. 104, 

(189S).* 
do Stedman, Bull. No. 41, Mo. Agr. Exp. Sta., p. 35, 

(1898). 
do Hunter, Bull. Dept Ent Kans. Univ., p. 62 (1898). 

do Howard, Bull. No. 12, n. s., Div. Ent U. S. Dept Agr., 

pp. 1 31, (1893). 
do Johnson, Can. Ent, vol. XXXI, pp. 87, 88, (1899).* 

do Scott, Bull. 20, n. s., Div. Ent. U. S. Dept. Agr., pp. 

83, 84, (1899).* 
do d*Utro, Bull. Inst. Agron, S. Paulo, vol. X, Nos. 11 

and 12, (1899).* 
do Goethe, Bericht Kgl. Lehraustadt Obst. Wein.andGrar- 

tenbau, Geisenheim a R., p. 16, (1899).* 
do Newstead, Reprint Jour. Royal Hort. Soc., p. 8, (1899).* 

do Webster, Can. Ent, vol. XXXI, p. 4, (1899).* 

do King, Can. Eot, XXXI, pp. 225, 226, (1899).* 

do Howard and Marlatt, Bull. 20, n. s., Div. EntU. S. Dept 

Agr., pp. 36-39, (1899). 
do Howard, Yearbook Dept Agr., pp. 143, 144, (1899). 

do Johnson, Bull. No. 20, n. s., Div. Ent. U. S. Dept Agr., 

(1899).* 
do Reh, Mitth. Nat. Mus. Hamburg, vol. XVI, pp. 125- 

141,(1899).* 
do Cockerell, Bull. No. 32, Ariz. Agr. Exp. Sta., p. 274, 

(1899).* 
do Hunter, Kans. Univ. Quart., vol. VIII, No. 1, pp. 10, 11, 

(1899). 
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Aapidioiuê pernicioauB Cockerell aod Parrott, Industrialist, p. 276, (1899).* 
do Fuller, Tr. Ent. Soc. London, pt. IV, p. 465, (1899).* 

do Lampa, Ent. Tidsk., pp. 63-65, ( 1899).* 

do Frank and Kruger, Scbildlausbuch, pp. 58-72, (1900).* 

do Smith, Bull. No. 146, N. J. Agr. Exp. Sta., 20 pages, 

(1900).* 
do Soott, Bull. No. 26, n. s., Div. Ent. U. S. Dept. Agr., p. 

49, (1900).* 
do Woodworth, Bull. No. 26, n. s., Div. Ent. U. S. Dept. 

Agr.,p. 92, (1900).* 
do Reh, Bull. 32, n. s., Div. Ent. U. S. Dept. Agr., pp. 

79-83,(1900).* 

Zool. Anzeiger, No. 621, pp. 502-504, (1900).* 

Beprint Jahrb. Hamburg wiss. Anst., pp. 1-21, 
(1900).* 

Zeitschrift fur Entom., vol. V, pp. 161, 162, ( 1900).* 
do May, Mitth. Naturhist. Mus. Hamburg, vol. XVI, pp. 

151-153.(1900).* 
do Johnson, Bull. No. 26, n. s., Div. Ent. U. S. Dept. Agr., 

pp. 73-75, (1900).* 
do Cockerell, Science, n. s., vol. XII, No. 300, pp. 488, 489, 

(1900).* 
do Kellogg, Science, n. s., vol. XIII, pp. 383-385, (1901). 

do Webeter, Science, n. s., vol. XIII, p. 511, (1901). 

Aspidiotus greenH. 

Aapidioius greenii Cockerell, Dept. Agr., Div. Ent, Tech. Ser., No. 6, p. 27, 

(1897). 
do Cal. Fruit Grower, 20, No. 23, pp. 4, 5, (1897). 

do Hunter, K. U. Quart., vol. VIII, No. 1, p. 11, (1899). 

do Cockerell, An. and Mag. Nat. Hist., ser. 7, III, p. 169, 

(1899). 
Am. Nat, XXXI, p. 73, Aug. 1897.* 
Ent Mo. Mag., XXXIV, pp. 184, 185, Aug. 1898.* 
Entom., XXXII, p. 93, Apr. 1899.* 
do Ckll. and Parrott, Industrialist, p. 277, May, 1899.* 

do Marlatt, Can. Ent, XXXI, pp. 208-211, Aug. 1899.* 

do Hempel, Rev. Mus. Paulista, IV, p. 502, 1900.* 

Aspidiotus hederœ nerii Bouche. 

Aspidiotus nerii Bouche, Schadl. Gart Ids., p. 52, (1833). 
Diaspia bouchei Targioni-Tozzetti, Stud. sul. Coccin, (1867). 
Aapidiotua nerti Comstock, Rept Ent in Rept. Corn. Agr., p. 301, (1880). 
do Maskell, Trans. N. Zeal. Inst., XIV, p. 217, (1881).* 

do Comstock, 2d Rept Corn. Univ. Exp. Sta., p. 63, (1883).* 

do Hubbard, U. S. Dept Agr., p. 35, (1885). 

do Oscar Schmidt, Archiv. Naturgesch., LI, No. 1, pp. 169-200, 

(1885).* 
Thesis at Berlin University, (1885); rev. in 
Eût Nach., p. 119, (1886).* 
do Lemoine, Ann. Soc. Ent France, p. CXC, (1886).* 

do Douglas, Ent. Mo. Mag., XXIII, pp. 151, 152, (1886).* 
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Aspidiotuê nerii Maskell, Scale Insecte N. Zeal., p. 44, (1887).* 
do Morgan, Ent. Mo. Mag., XXV, p. 350, (1889).* 

do Cockerell, Gard. Chron., p. 548, No. 14, (1893).* 

Jonrn. Inst. Jamaica, p. 255, (1893).* 
Trans. Am. Ent. Soc., XX, p. 367, (1893). 
Ent. News, vol. V, pp. 79, 211, (1894).* 
Ent. Mo. Mag., XXX, pp. 57-59, (1894).* 
N. M. Ent, No. 2, (1894). 

Journ. Trin. Nat. Field Club, vol. 2, No. 12, p. 307, 
(1896). 
do Johnson, Div. Ent., n. s.. No. VI, pp. 75-78, (1886). 

do Townsend, U. S. Dept. Agr., Div. Ent., Tech. Ser., No. 4, p. 11, 

(1896). 
do Green, Indian Mus. Notes, vol. IV, No. 1, p. 4, (1896).* 

Ent. Mo. Mag., XXXIII, p. 69^ (1897).* 
do Gillette, Colo. Agr. Coll. Exp. Sta., Bull. No. 31, Tech. Ser., 

No. 1, p. 129, (1898). 
do Hunter, K. U. Quart., vol. VIII, p. 11, (1899). 

do Newell, lowa Sta., Bull. 43, p. 168, ( 1899). 

do King, Psyché, vol. VIII, No. 276, p. 250, (1899). 

do Cockerell, Am. Mag. Nat. Hist., p. 167, (1899).* 

Biol. Cent. Am., II, part II, p. 20, (1899).* 

Aspidiotus cesculi solus (s. sp. n.) 

Aapidiotuê œsculi solus Hunter, K. U. Quart., vol. VIII, No. 1, p. 12, (1899). 
do Newell, Cont. from Ent. Dept. lowa St. Agr. Coll. No. 

3, p. 13, (1899). 

Mytil€ut2}is potnorutn. 

Aspidiotus conchfformis of Anthers, but not A. conchfformis Gmelin, Syst. 
Nat., 2221, 37 (1788), which species infesta elm. 
do pomorum Bouche, Ent. Zeitung Stett. (1851), 12, No. 1. 
do pyrus-malus Rob. Kennicot, Acad. Sci. Cleveland, (1854). 
do juglandis Fitch, Ann. Rept. N. Y. St. Agr. Soc., p. 163, (1856).* 
Mytilaspis pomicorlicis Riley, 5th Rept. St. Ent. Mo., p. 96, (1872). 
Mytilaspls pomorum^ Signoret, Ann. de la Soc. Ent. de France, p. 95, (1870). 

do Maskell, Tr. N. Zeal. Inst., vol. XI, pp. 192-194, (1879).* 

Mytilaspis (pomicoriiels) pomonim Comstook, Rept. Ent. in Rept. Com. Agr., 

(1880). 

do Signoret, Tr. on Ins. Inj. Fruits and Frt 

Trees, by M. Cooke, Saor., p. 37, 

(1881). 

do Bethune, Ann. Rept. Ent Soc. Ont, pp. 

77, 78, (1881). 
do Comstock, 2d Rept. Dept. Ent, Com. 

Univ. Exp. Sta., p. 118, (1883). 
do Douglas, Ent. Mo. Mag. , vol. XXII, p. 68, 

(1884).* 
Douglas, Ent. Mo. Mag., vol. XXII, p. 

219, (1886).* 
Douglas, Ent Mo. Mag., vol. XXIII, p. 
27, (1886).* 
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MytilaspU (pomicorlicis) pomorum Maskell, Sca. Ine. in N. Z., p. 51, (1887). 
do Weed, Bull. Ohio Agr. Exp. Sta., yol. III, 

No. 4, p. 127, (1890). 
do Maskell. Ent. Mo. Mag., vol. XXVI, p. 

277,(1890).* 
Mytilaapi9 pomorum Fletcher, CaD. Cent. Exp. Farm, Bull. No. 11, p. 36, 1891. 
do TowDseod, N. M. Sta., Bull. No. 3, p. 19, (June, 1891). 

do PantoD, Ont. Agr. Coll. Exp. Sta., Bull. No. 62, p. 7, 

(1891). 
do Huet and Louise, Bull. Min. Agr., Paris, 11, No. 7, pp. 

765-768,(1892). 
do Smith, Rept. Eut. N. J. Agr. Coll. Exp. Sta., p. 49é, 

(1894). 
do Howard, Year-book U. S. Dept. Agr., pp. 252, 254, 259, 

(1894).* 
do Howard, U. S. Dept. Year-book, pp. 249-276, (1894). 

do Lintner, Bull. N. Y. St. Mus. 3, No. 13, pp. 276-306, 

(1895). 
do Taft, Mich. St. Agr. Coll. Exp. SU., Bull. No. 121, p. 25, 

(Apr. 1895). 
do Lowe and Sirrine, N. Y. St. Rept., pp. 525-535, (1896). 

do Saccardo, Rivista Pat. Veg., IV, p. 54, (1896).* 

do Berlese, Le Cocciniglie Italiaue, P. III, p. 297, (1896). 

do Berleae, Rivista Pat. Veg., IV, Nos. 1-12, (1896).* 

Rivista Pat. Veg., V, Nos. 1-4, (1896).* 
do Webster, Ind. Hort. Rept., p. 6, ( 1896). 

do Johnson, Dept. Agr., Div. Ent, Bull. 6, n. s., pp. 75-78, 

(1896). 
do Fletcher, Can. Exp. Farms Repts., pp. 250-264, (1896). 

do Harvey, Mo. Sta. Rept, pp. 117-123, (1896). 

do Quinn, Garden and Field, 22, No. 1, pp. 24, 25, (1896). 

do King, Can. Ent, p. 228, (18—). 

do Perkins, Vt. Agr. Exp. Sta., Bull. No. 60, pp. 9-12, (1897). 

do Starnes, Ga. Sta., Bull. 36. (1897). 

do PantoD, Ont. Agr. Coll. and Exp. Farm, Bull. 105, p. 15, 

(1897). 
do Barrows and Pettit, Mich. Sta., Bull. 160, pp. 339-436, 

(1897). 
do Lowe, N. Y. Agr. Exp. Sta., Bull. No. 136, p. 578, (1897). 

do Fletcher, Exp. Farms, pp. 187-230, ( 1897). 

do Lea, Producers* Gaz. and Settlers' Rec., 5, No. 6, pp. 465- 

483,(1897). 
do Gillette, Colo. Agr. Coll. Exp. Sta., Bull. No. 47, p. 13, 

(1898). 
do Parrott, Trans. Kan. St Hort. Soc., Bull. 23, pp. 106-109, 

(1898). 
do Hunter, BulL Dept Ent, p. 25, ( Jan. 1898). 

do Gillorders, Reprint Trans. Ann. Manchester Micr. Soc., p. 

7, (1898).* 
do Chambliss, Tenn. Sta. Bull., vol. X, No. 4, pp. 141-151, 

(1898). 
do Leonardi, Annali di Agr., p. 133, (1898). 



Digitized by 



Google 



134 KANSAS UNIVERSITY qUART£BLY. 

Mytilaspis pomorum Newstead, Ent., XXXI, p. 98, (1898). 

do Brick, Station fur PÛanzenschutz zu Hambui^, 1, p. 3i, 

(1898-'99). 
do Bruner, Ins. Ënemies Apple Tree, p. 146, (1899). 

do Smith, N. J. Agr. Coll. Exp. Sta., Bull. No. 140, p. 7, (18—). 

do Newell, lowa Sta., Bull. 43, pp. 159, 160, (1899).* 

do Fernald, Com. Pa. Dept. Agr., Bull. No. 43, p. 16, (1899). 

do Johnson, U. S. Dept. Agr., Div. Ent., Bull. 20, n. s., p. 

66,(1899). 
do Marchai, Bull. Soc. D*Arc. de France, p. 11, (1899). 

do Troop, Ind. Agr. Exp. Sta., Bull. No. 78, vol. X, (1899). 

do Reh, Mitt. Naturhist. Mus. Hamburg, XVI, pp. 125-141^ 

(1899).* 
do Leonardi, Lab. di Ent. Agr. in Portici, p. 5, (1899). 

do Hunter, K. U. Quart, vol. VIII, No. 1, p. 14, ( 1899). 

do Proc. Acad. Nat. Sci. Phila., p. 275 (1899).* 

do Fletcher, Rept. Ent. and Bot, p. 17, (1900). 

do Reh, Jahrb. Hamb. Wiss. Anst, XVII, pp. 3-5, (1900).* 

Zeitschrift fur Ent, V, p. 161, (1900).* 
do Hempel, Rev. Mus. Paulista, IV, pp. 512, 513, (1900).* 
do Lochhead, Bull. Dept. Agr., p. 40, (1900). 
do Frank and Kruger, Schildlausbuch, pp. 90-98, (1900).* 
do Harvey and Muneo, Me. Sta. Bull. 56, pp. 105-144, ( ), 

Mytil€ispis citHcola Packard. 
Mytilaspis citricola Packard, Guide to Study Insecte, 2d éd., p. 527, (1870). 
do Cometock, U. S. Dept. Agr. Rept for 1880, p. 321. 

do Hubbard, Rept. U. S. Dept. Agr., Div. Ent, pp. 107-109,. 

(1881)*; pp. 157-159, (1883).* 
do Oomstock, 2d Rept. Ent Com. Univ. Exp. Sta., p. 117,. 

(i8a3). 

Mytilaspis flaveocus Targioni, Annali di Agricultura, p. 392, (1884).* 
Mytilaspis citricola Voyle, Bull. 4(0. S.), Div. Ent U. S. Dept Agr., pp. 

70-73, (1884).* 
do Maskell, Ent Mo. Mag., XXVIII, p. 70, ( 1892).* 

do Cockerell, Ent. Mo. Mag., XXIV, p. 155, (1893).* 

do Craw, Cal. St Bd. Hort. Rep-^,, pp. 90-96, (1894-'94). 

do Cockerell, Journ. Trinidad Field îiat. Club, p. 306, ( 1894).* 

do Smith, Ent News, V, pp. 184, 185, (1894).* 

do Green, Coccidae Ceylon, pt I, pp. 78^'0, (1896).* 

do Marlatt, Dept Agr., Year book, pp. 217-536, (1896). 

do Cockerell, Bull. Dept. Bot. Jamaica, IV, n. s., pp. 108, 

109, No. 65, (1897).* 
do Froggatt, Agr. Gaz., N. S. Wales, 9, No. 10. pp. 1210-1221, 

(1898). 
do Maskell. Ent Mo. Mag., XXVII, p. 70, (1898). 

do Producers' Gaz. and Settlers' Rec. ( West Aus.), 5, No. 6, 

pp. 465-483, (1898). 
do Frank and Kruger, Schildlausbuch, p. 99, (1900).* 

do Hempel, Rev. Mus. Paulista, IV, pp. 513, 514, (1900).* 

do Reh, Zeits. fur. Ent, V, p. 162, (1900).* 

do Cockerell, Rev. Mus. Paulista, IV, p. 363, (1900).* 

do Morgan, La. Sta. Bull. 28, 2d ser., pp. 982-1005, ( ). 

Sp. Bull., pp. 51-110 ( ). 
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DiaapiB snowii Hunier, K. U. Quart., vol. 8, No. 1, p. 14, (1899). 

Lecaniutn aurantiacum. 

Lecanium maclurœ Hunter, K. U. Quart, vol. 8, No. 2, p. 67, (1899). 
Lecanium aurantiacum Hunter, K. U. Quart., vol. 9, No. 2, p. 107, (1900). 

Lecanium canadense. 

Lecanium caryœ^ var. eanadenae Ckll., Can. En t., vol. 27, p. 253, (1895). 
Lecanium canadense Ckll., Can. Ent., vol. 30, p. 294, (1898). 

do Cockerell and Parrott, Industrialist, p. 232, (1899). 

do Hunter, E. U. Quart., vol. 8, No. 2, p. 68, (1899). 

do King, Can. Ent., vol. XXXI, p. 252, (Sept. 1899). 

do HuDter, K. U. Quart., IX, ser. A., No. 2, p. 107, (Apr. 

1900). 

do KiDg, Psyché, IX, p. 117, Oct. 1900. 

L€C€i n iuin ka n saaense» 
Lecanium kansasense Hunter, K. U. Quart., vol. 8, No. 2, p. 69, (1899). 

Lecaniutn cockerelli Hunter. 

Lecanium cockerelli Hunter, K. U. Quart., vol. VIII, No. 2, p. 70, (1899). 

K. U. QuMTt., vol. IX, No. 2, p. 107, (1900). 
do King, Can. Ent, vol. —, p. 252. 

Psyché, IX, p. 117, Oot. 1900. 

Lecaniutn artneniactittu 

Lecanium armeniacum Craw, Cal. St. Bd. Hort., Div. Ent, pp. 12, 13, 1891. 
do Cockerell, Can. Ent., vol. 26, No. 2, p. 35, (1894). 

do Felt, Bull. N. Y. St Mus., vol. V, No. 23, p. 240, (1898). 

do Webster, Can. Ent, p. 81, (Apr. 1898). 

do Cockerell and Parrott, Ind ustrialist, p. 233, ( A pr. 1899 ). 

do Cockerell, Journ. N. Y. Ent. Soc., VII, p. 257, Dec. 

1899.* 
do Maekell, Trans. N. Z. lust, XXVII, p. 59, 1894, (1895)*. 

do King, Psyché, IX, p. 117, Oct 1900. 

do Hunter. K. U. Quart, VIII, ser. A, No. 2, pp. 71-75, 

pi. XV, fig. 4, Apr. 1899. 

Lecanium hespetHdutn Linn. 

Coccw* hesperidum Linn., Syst Nat, II, 739, (1735). 
do Faun. Suec, 1015, (1746). 

do Frish, Ins.,12, 12, (1736). 

do Sulzer, Ins., p. 1091, tab. 12, fig. 8, (17r ) 

do FabriciuB, Syst. Entom., p. 743, ( 1775). 

do Modeer, Act. Gothenb., 1, 19, 8, (1778). 

do Schaeffer, Eelem. Entom., tab. 48, (1766). 

do Schrank, Enum. Insect Austriae, pp. 295, 583, (1781). 

do Gmelin, Syst Nat, 2215, (1788). 

do De Villers, Linnœi Entomologia ( Syst. Nat. ?), p. 558, ( 1789). 

do Olivier, Encycl. Method, VI, 93, (1791). 

do Fabriciue, Entom. Syst, IV, 244, et Syst Ryng., 306. 

do Schae£fer, Icônes Insect, tab. CXI, fig. 2, (1801). 
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C0CCU8 hesperidum Gène, Insetti Nocivi, etc., p. 113, tab. II, flg. 12, (1827). 
do Fonacolombe, Ann. Soc. Ent. Fr., 3, vol. 208, (1834). 

do Burmeister, Handb. der Entomologie, p. 69, (1835). 

Calymnatus hesperidum Costa (O. G.)i Nueve Observ., tab. 1, fig. 1, (1835). 
Calypticua lœvia Costa (O. G.), Faun. InS. Nap. Gallins, 8, 1, (1837). 
Lecanium hesperidum Blanchard, Hist. Nat. Ins., (1810). 
Calypticus hesperidum Lubbock, Proc. Roy. Soc., IX, 480, (1858). 

Proc. Roy. Soc., IX, 480, and Ann. Nat. 
Hist., III, 306, (1859). 
do Beck, Trans. Micr. Soc. London, n. s., 47, (1861). 

do Boisduval, Ectom. Hort., 331, (1867). 

do Targioni-Tozzetti, Calai., 37, 5, (1868). 

Lecanium hesperidum Signoret, Ann. Soc. Ent. Fr. p. 830, 856, (1868). 

do Targioni-Tozzetti, Intr. Seconda Mem. Coccin., p. 37, 

(1868). 
do Signoret, Ann. Soc. Ent. Fr., p. 399, (1873). 

do Maskell, Trans. N. Z. Inst, XI, pp. 205, 206, pi. VI, fig. 

12, 1878. (1879).* 
do Ashmead, Orange Insects, pp. 32, 33, fig, 10 ; pi. I, fig. 

14, 1880.* 
do Comstock, Rept. Ent., in Rept. Comr. Agr., 1880, p. 335. 

do Targioni-Tozzetti, Ann. di Agr. (R. Minist. Agr.), p. 

142,(1881). 
do Comstock, 2d Rept. Dept. Ent. in Corn. U. Exp. Sta., 

p. 134, (1883). 
do Hubbard, Ins. aff. Grange., U. S. Dept. Ent , p. 48, 

(1885). 
do Douglas, Ent. Mo. Mag., XXII, p. 159, Dec. 1885.* 

do M. Cooke, Treat. Ins. Inj. to Fruit and Fruit-trees, 

Sacramento, p. 36, (1886). 
do Atkinson, Journ. Asiat. Soc. Bengal, LV, pt. II, No. 3, 

pp. 281, 282, 1886.* 
do Maskell, Sca. Ins. N. Z., p. 80, (1887). 

do Penzig, Studi Botanici sagli a grumi e su lie pian te atfin 

(Ann. Min. Agr.), p. 521, (1887). 
do Douglas, Eût. Mo. Mag., XXIV, pp. 25-27, July, 1887.* 

do Meniez, Bull. Soc. Zool. Fr., XI l, pp. 150-152, 1887.* 

do Douglas, Ent. Mo. Mag., XXVII, pp. 244, 245, pi. 2, fig. 

1, Sept. 1891.* 
do WassiliefF, Trav. Soc. Varsavie, II, No. 6, pp. 10-12, 

1891.* 
do Berlese, Rivista Pat. Veg., I, p. 61 (58-70), figs. 4r-6, 

1892.* 
do Coquillett, U. S. Dept. Agr., Div. Ent., Bull. No. 26, p. 

26,(1892). 
do Maskell, Trans. N. Z. Inst., XXV, pp. 218, 219, 1892, 

(1893).* 
do Cockerell, Traos. Am. Ent. Soc, April, 1893, p. 49. 

do Maskell, Ent. Mo. Majç. , XX I X, pp. 103, 104, May, 1893.* 

do G. del Guercio, Staz. Sper. Agr. Ital., 24, pp. 573-592, 

(1893). 
do Cockerell, Ann. and Mag. Nat. Hist., ser. 6, p. 52, 

(1893). 
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Lecanium hesperidum Koehele, Dept. Agr., Div. Ent, Bull. 32, pp. 3S-36, 

(1893). 
do Cockerell, Trans. Am. Ent. Soc, vol. XX, p. 49, 1893.1' 

Bull. Bot. Dept. Jamaioa, Feb. 1894, pp. 18, 
173, No. 13.* 
do Douglas, Eut. Mo. Mag., XXX, p. 29, Feb. 1894.* 

do Cookerell, Ent. News, p. 210, (Sept. 1894). 

do Berlese, Le Cocolniglie Italiene, pt. II, p. 113, (1894). 

do Smith, Rept. Ent., N. J. Agr. Coll. Exp. Sta., p. 501, 

(1894). 
do Cockerell, Aot. Soo. Soi. Chili, V, p. 24, 1895.* 

do Gillette, Colo. Agr. Ezp. SU., Bull. No. 31, Tech. Ser., 

No. 1, p. 127,(1896). 
do Townsend, U. S. Dept. Agr., Div. Ent, Tech. Ser., No. 

4, p. 11, (1896). 
do Cockerell, Amer. Nat, July, 1897, p. 590.* 

do Osborn, Proc. lowa Acad. Sci., V, p. 226, 1897, (1898).* 

do Producers' Gaz. and Settlers* Rec. (W. Aus.), V, No. 6, 

pp. 465^83, (1898). 
do Hunter, K. U. Quart., vol. VIII, No. 2, p. 75, (1899). 

do King, Can. Ent., vol. XXXI, p. 140, (June, 1899). 

do Goasard. Fia. Ezp. Sta., Bull. No. 51, p. 113, ( Jan. 1900). 

Lecaniutn coffeœ, 

Lecanium coffeœ Cookerell, Bull. Bot. Dept. Jamaica, vol. 1, P. 5, p. 71, (May, 

1894). 
do Cockerell and Parrott, Cont. to Knowledge of Coc., XXX, 

Industrialist, vol. ~, No. —, p. 164, (1899). 
do Cockerell, Nat. Soi. Phila., p. 270, (1899). 

do Hunter, K. U. Quart., vol. 8, No. 2, p. 75, (1899). 

do King, Can. Ent., vol. XXXI, p. 140, (June, 1899). 

do Hempel, Bev. Mus. Paulista, IV, p. 426, (1900).* 

do Cockerell, Rev. Mus. Paulista, IV, p. 363, (1900).* 

do Watt, PeAts and Blights of the Tea Plant, p. 330, 1898.* 

do Atkinson, Journ. Asiat. Soc. Bengal, LV, pt. II, No. 3, pp. 

282-284, 1886.* 
do Maskell, Ent. Mo. Mag., XXVIII, p. 71, Mar. 1892.* 

Lecanium oleœ Bernard. 

Chermea oleœ Bernard, Mem. d' Hist. Nat. Acad., 108, pi. 2, fig. 25, (1782). 
Coccus oleœ Olivier, Encycl. Method., 95, 6, (1791). 

do Giovene, Mem. Soc. Italie, vol. XIV, p. 128, (1809). 
do Fonsoolombe, Soc. Ent. Fr., p. 206, (1831). 
do (ex. p.) Costa (A.), Ineetti dell' Olivo, etc., p. 111, (1840). 
Lecanium oleœ Walker, List of Hompt. in the Coll. of Brit. Mus., P. IV, p. 1070, 
(1852). 
do Boisduval, Entom. Hortic, 319, fig. 38, (1867). 

do Targioni-Tozzetti, Catalogo, etc., pp. 39-22, (1868). 

do Signoret, Essai sur les Cochen, p. 440, (1873). 

do Gk>ureau, Ann. Soc. Fr., 2d Série, 11. 

do Costa (A.), Degl. Insetti che Attacaoa TAlbero ed il Frutto dell' 

Olivo, p. 122, pi. IV, A, figs. 11, 12, 1877.* 
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Lecanium oleœ Comstock, Rept. Ent., in Rept. Corn, kgr, 1880, p. 336. 

do Signoret, Treatise on Ida. Inj. to Frt. and Frt. Treee, by M. 

Cooke, Sacr., 1881, p. 35. 
do Chapin, let Rept. St. Bd. Hort. Corn. Cal., pp. 65-68, 1882.* 

Pac. Rural Press, Sept. 28-Nov. 24, 1882.* 
do Hubbard, Ins. aff. Orange, U. S. Dept. Ent. 1885, p. 53. 

do Riley, Bull. 12 (O. S.), Div. Ent. U. S. D. A., pp. 34-36, 1885, 

(1886).* 
do Maskell, Sca. Ins. New Zealand, p. 82, (1887). 

do Penzig,Studi Botan. Agrumi, etc. (Ann.Min. Agr.), p. 527,(1887). 

do Douglas, Ent. Mo. Mag., XXVII, pp. 307, 308, Nov. 1891.* 

do Coquill.ett, U.S. Dept. Agr.Div.Ent.,Bull. No. 26, p. 28-33, (1892). 

do Berlese, Riv. Pat. Veg., I, p. 62 (58-70), 1892.* 

Riv. Pat. Veg., III, Noe. 1-8, 1893.* 
do Cockerell, Trans. An. Soc. Ent., p. 55, (Apr. 1893). 

do Craw, Cal. St. Bd. Hort. Rept, pp. 90-96, (1893-'94). 

do Cockerell, Can, Ent., vol. , p. 44, ( ). 

do Berlese, Le Cocclniglie Italiane, part II, p. 120, (1894). 

do Cockerell, Bull. Bot. Dept. Jamaica, I, p. V, p. 72, (May, 1894). 

Journ. Trin. Field Nat. Club, I, p. 307, No. 7, Feb. 1894.* 

Journ. Trin. Field Nat. Club, I, No. 12, p. 307, (1894). 

Amer. Nat., XXIX, p. 727, Aug. 1895.* 
do Gillette, Colo. Agr. Exp. Sto., Bull. No. 31, Tech. Ser., No. 1, 

p. 127, (1895). 
do Toumey, Ariz. Sta., Bull. 14, pp. 29-56, (1895). 

do Baccardo, Riv. Pat. Veg., IV, pp. 48, 49, 1895, (1895-'96).* 

do Ckll., Appz. Bull. Mise. Information (Trinidad), II, pp. III and 

IV, No. 23, Apr. 1896.* 
do Marlatt, Yearbook Dept. Agr., p. 220, ( 1896). 

do Ckll., Cal. Fruit Grower, XX, May 8, 1897, p. 4.* 

do Maskell, Tr. N. Zeal. Inst, XXIX, pp. 309, 310, 1896, (1897).* 

do Green, Ent. Mo. Mag., XXXIII, p. 72, Mar. 1897.* 

do Lea, Producers' Gkiz. and Bettlers' Rec. (W. Aus.), 5, No. 6, pp. 

465-483, (1898). 
do Froggart, Agr. Gaz. N. S. Walee, 9, No. 10, pp. 1216-1221, ( 1898). 

do Leonardi, Lab. di. Ent. Agr. in Portici, p. 7, (1899). 

do Hunter, K. U. Quart, vol. VIII, No. 2, p. 75, (1899). 

do Guercio, Atti R. Accad. Econ. Agr. Georg. Firenze, 4 ser., 22, 

No. 1, pp. 50-76, (1899). 
do Morgan, La. Sta., Sp. Bull. —, pp. 51-110, (1899). 

do Cockerell and Parrott, Industrialist, Mar. 1899, p. 163. 

do FuUer, Tr. Ent. Soo. London, 1899, part IV, pp. 459, 460.* 

do Gossard, Fia. Agr. Ezp. Sta., Bull. No. 51, p. 115, (.Tan. 1900). 

Lecaniodiaspis ( ?) parrotti» 
Lecaniodiaspis parrotti Hunter, K. U. Quart, vol. 8, No. 2, p. 76, (1899). 

Lecaniodiaspiê celtidis pruinoaus, 

Lecaniodiaapia oeltidia pruînoaua Hunter, K. U. Quart., vol. 8, No. 2, p. 77, 

(1899). 
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Chionaspis ortholohis. 

Chionaapis ortholohis Comstock, Rept. Ent..in Rept. Com. Agr.,p.317,(1880). 

2d Rept. Dept. Ent, Corn. U. Exp. Sta., p. 
105, (1883.) 
do Packard, 5th Rept. U. S. Ent C5om., p. 594, (1890). 

do Cockerell, Can. Ent., vol. XXVI, p. 189, (1894). 

do Howard, Ins. Life, vol. VI, p. 328, (1894). 

do Gillette and Baker, Hemipt. of Oolo., p. 129, (1895). 

do Cockerell, Bull. 24, N. M. Agr. Exp. Sta., p. 38, (1897). 

do Osborn, Contr. from Dept. Zool. and Ent., lowa Agr. 

Coll., No. 3, p. 5,(1898). 
do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull., 

pp. 17, 18, (1899). 
do Hunter, K. U. Quart., vol. 9, No. 2, p. 101, (1899). 

do Newell, Bull. lowa Agr. Sta. No. 43, pp. 154, 155, (1899). 

do King, Psyché, IX, p. 117, Oct. 1900. 

Chionaspis salicis-nigrœ. 

Aspidiott^ salicia-nigrœ Walsh, Ist Rept. Nox. Ins. 111., p. 39, (1867). 
Mytilaspia salicis Le Baron, Trans. 111. Hort. Soc, App., p. 140, (1871). 

2d Rept. St. Ent. 111., p. 140, (1872). 
Chionaspis salicia Comstock, Rept. U. S. Dept. Agr., p. 320, (1881). 

do Osborn, Trans. lowa St. Hort. Soc., vol. XVII, p. 214, (1882). 

do Comstock, 2d Rept. Ent., Corn. U. Exp. Sta., p. 106, (1883). 

Intro. Ent., part I, p. 151, (1888). 
do Packard, 5th Rept. U. S. Ent. Com., p. 593, (1890). 

Myiilaspis salicia Forbes, 17 th Rept. Nox. and Benif . Ins. 111. , App. , p. 23, ( 1891 ). 
Chionctapia aalicia Lugger, Bull. 43, Minn. Agr. Exp. Sta., p. 224, (1895). 

do aalicia-nigrœ Gillette and Baker, Bull. 31, Colo. Exp. Sta., p. 129, 
May, 1895.* 
Chionaapia aalioia Lugger, Ist Ann. Rept. Ent. Minn., p. 128, (1895). 

do Osborn, Proc. lowa Aoad. Sci., vol. V, p. 224, (1898). 

Contr. from Dept. Zool. and Ent. lowa Agr. Coll., 
No.3, p. 4, (1898). 
Chionaapia ortholohia bruneri Cockerell, Can. Ent., vol. XXX, p. 135, (1898). 
Chionaapia aalicia-nigrœ Cooley, Hatch Exp. Sta. Mass., Spec. Bull., pp. 19-22, 

(Aug., 1899). 
do Hunter, K. U. Quart., vol. 9, No. 2, p. 101, (1899). 

Chionaspis americana. 

Chionaapia americana (Johnson MS.), Howard, Bull. U. S. Dept. Agr., Div. 

Ent., Tech. Ser., No. 1, p. 44, (1895). 
do Lugger, Minn. Sta. Bull. 4.3, p. —, (1895). 

do Johnson, Ent. News, vol. VII, p. 150, (1896). 

do Johnson, Bull. 111. St. Lab. Nat. Hist., vol. IV, p. 390, 

(1896). 
do Johnson, Bull. 6, n. s., Div. Ent. U. S. Dept. Agr., 

p. 177, 1896. 
do Lugger, Ist Ann. Rept. Ent. Minn., p. 129, (1896). 

do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull., 

pp. 41-43, (1899). 
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Chionaspia americana Hunier, K. U. Quart., vol. 9, No. 2, p. 102, (1899). 
do Newell, lowa Sta., Bull. 43, p. 152, (1899). 

do King, Psyché, vol. IX, p. 117, Oct. 1900. 

Chiontispis platani. 

Chionaspiê platani CJoolej, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull., 

p. 36, (Aug. 1899). 
do Hunier, K. U. Quart., vol. 9, No. 2, p. 102, (1899). 

Chionaspis pinifoliœ. 

Aspidiotua pinifoliœ Fiich, Tr. N. Y. St. Ajrr. Soc, vol. XV, p. 488, (1856). 

2d. Repi. Nox. Benif. Ins. N. Y., (1856). 
Tr. N. Y. St. Agr. Soc., vol. XVII, p. 741, (1858). 
4th Repi. Noz. Benif. Ins. N. Y., (1858). 
do Walsh, Praci. Ent., vol. I, p. 90, (1866). 

Mytilaapia pinifoliœ Le Baron, Isi Ann. Rept. Nox. Ins. 111., p. 83, (1871). 

2d Ann. Repi. Noz. Ins. 111., p. 161, (1872). 
do Rilej, 5th Ann. Repi. Nox. Benif. Ins. Mo., p. 97, (1873). 

do Bessej, Rept. lowa St. Agr. Soc. 1874, p. 232, ( 1875). 

Chionaapia pinifoliœ, Comstock, Ann. Rept. U. S. Dept. Agr., 1880, p. 318, 

(1881). 
Mytilaapia pinifoliœ Packard, Ins. Inj. io Foresi and Shade Trees, Bull. 7, U. 

S. Eni. Com., p. 218, (1881). 
Chionaapi a pinifoliœ Riley, Am. Nai., vol. XVI, p 514, (1882). 

do Comstock, 2d Rept. Dept. Eni. in Corn. U. Exp. Sia , 

1883, p. 105. 
do Saunders, Repi. Eni. Soc. Ont. 1883, p. 52, (1884). 

do Lintner, 2d Ann. Rept. Inj. Ins. N. Y., p. 184, (1885). 

5th Ann. Repi. Inj. Ins. N. Y., p. 266, (1889). 
Mytilaapia pinifoliœ Packard, 5th Rept. U. S. Eni. Com., p. 805, (1890). 
Chionaapia pinifoliœ Lintner, 7th Ann. Rept. Inj. Ins. N. Y., p. 384, (1891). 

9th Ann. Rept. Inj. Ins. N. Y., p. 376, (1893). 
do Howard, Bull. U. S. Dept. Agr., Div. Eni., Tech. Ser. 

No. 1, pp. 13, 22, 52,(1895). 
do Lintner, Bull. N. Y. St. Mus., 3, No. 13, pp. 267-305, (1895). 

do Comstock, Man. Study Ins., p. 174, (1895). 

do Gillette and Baker, List Hemipi. Colo., Bull. Colo. Agr. 

Exp. Sta. No. 31, p. 129, (1895). 
do Ckll., Am. Nai., XXIX, pp. 730, 731, Aug. 1895. 

do Lintner, lOth Ann. Repi. Inj. Ins. N. Y., p. 518, (1895). 

do Webster, Ind. Hort. Repi. 1896, p. 16. 

do Johnson, Dept. Agr., Div. Eni., pp. 75-78, (1896). 

do Lintner, llth Ann. Rept. Inj. Ins. N. Y., p. 203, (1896). 

do Cockerell, Bull. N. M. Agr. Exp. Sta. No. 24, p. 38, (1896). 

do Barrows and Pettit, Mich. Sta., Bull. 60, pp. 339-436, 

(1897). 
do Osborn, Proc. lowa Acad. Sci., vol. V, p. 224, (1898). 

do Gillette, Bull. Colo. Agr. Exp. Sta. No. 47, p. 36, (1898). 

do Pettit, Bull. Mich. Agr. Exp. Sta. No. 160, p. 415, (1898). 

do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., Spec. Bull., 

pp. 30-34, (Aug. 1899). 
do Hunier, K. U. Quart., vol. IX, No. 2, p. 104, (1899). 

do King, Can. Eni., p. 252. 

do Newell, lowa Sta., Bull. 43, pp. 157, 158, (1899). 
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Chionaspis furfura. 

? Harria, Rep. Ins. of Mass. Inj. Veg., p. 202, (1841). 

Aapidiotus furfurua Fitch, Trans. N. Y. St. Agr. Soc, vol. XVI, p. 352, (1856). 
Aspidiotus cerasi Fitch, Trans. N. Y. St. Agr. Soc, vol. XVI, p. 368, (1856). 
Aspidioiua furfuruê Fitch, 3d Rept. Nox. and other Ins., p. 352, (1857). 
Aapidiotua ceraai Fitch, 3d Rept. Nox. and other Ins., p. 368, (1857). 

? Harris, Treat. Ins. Inj. Yeg. (3d éd.), p. 254, (1862). 

Coccua f harriaii Walsh, Pract Ent, vol. II, p. 31, (1866). 
Aapîdiotua harriaii Walsh, Pract. Ent., vol. II, p. 119, (1867). 

Ist Rept. Nox. Ins. 111., pp. 3&-53, (1868). 
do Riley, Ist Ann. Rept. Ins. Mo., p. 7, (1869). 

Am. Ent., vol. II, pp. 110-181, (1870). 
do 2d Ann. Rept. Ins. Mo., p. 9, (1870). 

do Bethune, Rept. Ent. Soc. Ont., I, p. 303, (1870). 

do Glover, Ann. Rept. U. S. Dept. Agr., 1870, p. 88, (1871). 

do Bessej, Rept. lowa St. Agr. Soc 1874, p. 232, (1875). 

Diaapia harriaii Signoret, Ann. Soc. Ent. Fr., ser. 4, vol. XVI, p. 604, (1876). 
Aapidiotua harriaii Thomas, 7th Rept. Ins. IlL, p. 108, (1878). 
Chionaapia furfurua Comstock, Ann. Rept. U. S. Dept. Agr., 1880, p. 315, (1881). 
Diaapia harriaii Riley, Am. Nat, vol. XV, p. 487, (1881). 
Chionaapia furfurua Lintner, Ist Ann. Rept. Inj. Ins. N. Y., p. 331, (1882). 
Aapidiotua harriaii Packard, Guide Study Ins., p. 530, (1883). 
Chionaapia furfurua Osbom, Tr. lowa St. Hort. Soc, vol. XVII, p. 211, (1883). 
do Hagen, Can. Ent, XVI, pp. 161-ia3, (1884).* 

do Comstock, Intro. to Ent, part I, p. 151, (1888). 

do Lintner, 4th Ann. Rept Inj. Ins. N. Y., p. 208, (1888). 

do Tryon, Rept Ins. and Fung. Pests, No. 1, p. 89, (1889). 

do Riley-Howard, Ins. Life, vol. I, p. 324, (1889). 

do Lintner, 5th Ann. Rept. Inj. Ins. N. Y., pp. 300-326, ( 1889). 

Aapidiotua ceraai Saunders, Ins. Inj. to Fruits, p. 204, (1889). 
"A species of Coccua*^ Downing, Fruits and Fruit- trees of America, p. 66, (1890). 
Chionaapia furfurua Riley-Howard, Ins. Life, vol. III, p. 4, (1890). 

do Weed (C. M.), Bull. Ohio Agr. Exp. Sta., vol. III, No. 4, 

p. 128, (1890). 
do Packard, 5th Rept. U. S. Ent Ck>m., p. 537, (1890). 

do Weed (C. M.), Ins. Insecticides, p. 66, (1891). 

do Townsend, N. Mex. Sta., Bull. No. 3, p. 19, (1891). 

do Gillette, Ins. Life, vol. III, p. 259, (1891). 

do Weed (C. M.), Ann. Rept Colum. Hort. Soc. 1890, p. 16, 

(1891). 
do Troop, Trans. Ind. Hort. Soc. 1891, p. 75, (1892). 

do Morgan, Ent Mo. Mag., vol. XXIX, p. 16, (1892). 

do Webster, Bull. Ohio Agr. Exp. Sta. No. 45, p. 208, (1892). 

do Lintner, 8th Ann. Rept Inj. Ins. N. Y., pp. 293-299, ( 1893). 

do Osbom, Rept lowa St. Hort Soc, XXVII, p. 122, ( 1893). 

do Marlatt, Ins. Life, vol. VII, p. 120, (1894). 

do Smith, Ann. Rept N. J. Agr. Exp. Sta., 1894, p. 496, ( 1894 ). 

do Bruner, Anm. Rept. Neb. St Hort. Soc , 1894, p. 175, ( 1894 ). 

do Howard, Ins. Life, vol. VII, p. 5, (1894). 

do Smith, Ins. Life, vol. VII, p. 186, (1894). 

do Howard, Can. Ent, vol. XXVI, p. 354, (1894). 

10-K.U.Qr. A-x8 
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Chionaspis furfurus Lintner, Bull. N. Y. St. Mus. 3, No. 13, pp. 266-305, (1895). 
do Howard, Yearbook U. S. Dept. Agr. 1884, p. 259, ( 1885). 

do Garman, Kj. Sta. Rept., pp. 32-57, (1895). 

do Lintner, lOth Ann. Rept. Inj. Ins. N. Y., p. 518, (1895). 

do Webster, Ind. Hort. Rept., p. 7, (1896). 

do Fletcher, Ann. Rept. Can. Ezp. Farm, 1895, p. 148, ( 1896). 

do Hopkins, Dept. Agr., Div. Ent., Bull. No. 6, n. s., pp. 

71-74,(1896). 
do Howard, Trans. Mass. Hort. Soo. 1896, p. 89, (1896). 

do Johnson, Dept. Agr., Diy. Ent., Bull. No. 6, n. s., pp. 

75-78, (1896). 
do Lintner, llth Ann. Rept. Inj. Ins. N. Y., pp. 202, 271, 

288, (1896). 
do Garman, 8th Ann. Rept. Ky. Agr. Ezp. Sta., p. 37, (1896). 

do Smith, Econ. Ent., p. 119, (1896). 

do Coons, Rept. Sec. Ed. Agr. Conn. 1896, p. 16, (1896). 

do Starnes, Bull. Ga. Agr. Ezp. Sta. No. 36, p. 27, (1897). 

do Lowe, Bull. N. Y. Agr. Ezp. Sta., p. 582, (1897). 

do Starnes, Ga. Sta., Bull. 36, (1897). 

do Lintner, 12th Ann. Rep. Inj. Ins. N. Y., p. 348, (1897). 

do Webster, Bull. Ohio Agr. Ezp. Sta. No. 81, p. 210, (1897). 

do Lintner, Ck)untry Grentleman, July 8, 1897. 

do Osbom, Proc. lowa Acad. Sci., vol. V, p. 224, (1898). 

do Parrott, Trans. Ks. St. Hort. Soc., vol. 23, pp. 106-109, 

(1898). 
do Gillette, Bull. Colo. Agr. Ezp. Sta. No. 47, p. 12, (1898). 

do Barrows and Pettit, Mich. Sta., Bull. No. 160, p. 415, 

(1898). 
do Kirkland, Mass. Crop Rep., June, 1898, p. 28, (1898). 

do Pettit, Bull. Mich. Agr. Ezp. Sta., p. 415, (1898). 

do Osbom, Contr. f rom Dept. Zool. and Ent. , lowa Agr. Coll., 

No. 3, p. 4, (1898). 
do Bruner, Ins. Enemies Apple Tree, p. 147, (1899). 

do var. fulvua King, Psyché, vol. VIII, p. 334, ( 1899). 

King, Can. Ent., p. 251, (18—). 
do Cooley, Hatch Exp. Sta., Mass. Agr. Coll., p. 23, (Aug. 

10, 1899). 
do Femald, Corn. Pa. Dept. Agr., Bull. No. 43, p. 18, (1899). 

do Troop, Ind. Agr. Ezp. Sta., Bull. 78, vol. X, (1899). 

do Smith, N. J. Agr. Coll. Ezp. Sta., Bull. No. 140, p. 7, (1899). 

do Johnson, U. S. Dept. Agr., Div. Ent., Bull. 20, n. s., 

pp. 62-68, (1899). 
do King, Can. Ent., p. 251, (18—)- 

do Reh, Mitt. Naturh. Mus. Hamburg, XVI, pp. 125-141, 

(Mar. 1899). 
do Newell, lowa Sta., Bull. 43, pp. 150-152, (1899). 

do Felt, Bull. N. Y. St. Mus., vol. 6, No. 31, p. 578, (1900). 

do Lochhead, Ont. Dept. of Agr., p. 42, (Mar. 1900). 

do Chambliss, Tenn. Sta. Bull., vol. X, No. 4, pp. 141-151, 

(18-). 
do Frank and Krûger, Schildlausbuch, pp. 100, 101, 1900. 

do Cockerell, Science, XI, n. s., p. 671, Apr. 27, 1900. 
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Pulvinaria innumerabilis, 

C0CCU8 innumerabilis Rathvon, Pa. Farm. Joura., vol. IV., pp. 256-258, (1854). 
Lecanium acericorticia Fitch, Trans. N. Y. St. Agr. Soc., 1859, vol. XIX, pp. 

775,776,(1860). 
C0CCU8 aceris Leidy, Rept. to Councils Phila. on Ins. Inj. to Shade-trees, 1862. 
Lecanium acericola Walsh and Riley, Amer. Eot., vol. I, pp. 14, 15, (1868). (A 

wroug determioatioD.) 
Lecanium maclurœ Walsh and Riley, Amer. Ent. vol. I, p. 14, (1868). 
Lecanium acerella RathvoD, Lancaeter Farmer, vol. VIII, pp. 101, 102, (1876). 
Palvinaria innumerabilis Comstock, Rept. Ent, in Rept. Com. Agr. 1880, p. 

334, (1880). 
2d Rept. Dept. Ent. in Corn. Univ. Exp. 
Sta., p. 137, (1883). 
do Mann, Psyché, IV, p. 224, (1884). 

do Saunders and Mundt, Can. Ent, vol. 16, pp. 141, 

143,210,211,240,(1884). 
do Riley, Rept. U. S. Ent., pp. 350-355, (1855).* 

do Weed, Ohio Sta. Bull., vol. III, No. 11, 2d ser., p. 

72, (1890).* 
do Garman, Ky. Sta., Bull. No. 39, p. 11, (1892). 

Ky. Sta., Bull. No. 47, pp. 3-53, (1893). 
do Cockerell, Science, XXII, p. 78, (1893).* 

do Smith, Rept. Ent, N. J. Agr. Exp. Sta., pp. 505-509, 

(1894). 
do Lugger, Minn. Sta., Bull. 43, pp. 99-252, (1895). 

do Lintner, Bull. N. Y. St. Mus., 3, No. 13, pp. 267- 

305, (1895). 
do Johnson, Pa. Dept. Agr. Rept, pp. 345-373, (1896). 

do Hubbard, Proc. Ent. Soc. Washington, vol. III, p. 

319, (1896). 
do Cockerell, Ent., vol. XXX, No. 404, pp. 12-14, (1897). 

do Gillette, Colo. Sta. Rept., pp. 55-61, (1897). 

do Hun ter, Bull. Dept. Ent. Univ. Kan., pp. 25-27, 

(1898). 
do Felt, Bull. N. Y. St Mus., vol. V, No. 23, p. 239, 

(1898). 
do Hopkins, Dept. Agr., Div. Ent, Bull. 17, n. s., pp. 

44-49, (1898). 
do Felt, Ext. from 4th Ann. Rept. Com. on Fishes, etc., 

p. 29, (1898). 
do Gillette, Colo. Agr. St Exp. Sta., Bull. 47, p. 33, 

(1898). 
do Felt, Bull. N. Y. St. Mus., vol. VI, No. 27, p. 52, 

(1899). 
do Ckll. andParrott, Industrialist, p. 281, (1899). 

do Smith, Rept. Ent., N. J. Coll. Exp. Sta., p. 446, 

(1899). 
do Hunter, K. U. Quart, vol. IX, No. 2, p. 104, (1899). 

do Newell, lowa Sta., Bull. 43, pp. 170-172, (1899). 

do King, Can. Ent., vol. XXXI, p. 142, (1899). 

do Howard, Bull. No. 22, n. s., U. S. Dept. Agr., Div. 

Ent, p. 7, (1900). 
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PulvinaHa innumerabilis Felt, Bull. N. Y. St. Mus., vol. VI, No. 31, p. 581, 

(1900). 
do King, Psyché, vol. IX, p. 117, (1900). 

do Brown, Bull. Wis. Nat. Hist Soc., I, No. 1, pp. 65- 

67, (1900).* 
do King, Psyché, p. 154, (1901).* 

do Hillman, Nev. Sta., Bull. 36. 

do Chambliss, Teon. Sta. Bull., vol. X, No. 4, pp. Ul- 

151. 
do Piper and Doane, Wash. Sta., Bull. 36. 

do Piper, Wash. Sta., Bull. 1, pp. 121-127. 

PulvinaHa pruni. 

Pulvinaria pruni Hunter, K. U. Quart., vol. IX, No. 2, p. 104, (1899). 

Parlatoria pergandei. 

Parlatoria pergandei Comstock, Rept. Ent. in Rept. Com. Agr. 1880, p. 327. 
do Comstock, 2d Rept. Dept. Ent. Com. Univ. Exp. Sta., 

1883, p. 113. 
do Hubbard, Ins. afif. Orange, U. S. Dept. Ent, 1885, p. 37. 

do Green, Ent. Monthly, ser. 2, 7, No. 74, p. 41, (1896). 

The following synonymy is taken from C. L. Marlatt's MSS. of March 2, 1900: 

Pergandei Comst. (merges ïnto proteua Curt.) 
Syn. var. camelliœ Comst. 

" var. crotonis Ckll. 

" var. affinis Newst. 

** var. calianthina B. & L. (not seen; ? var. theœ Ckll.) 

" var. theœ Ckll. ( ? calianthina B. à L.) 

** (?) dryandrœ Full 

** var. euonymi Ckll. 

** myrtuB Mask. 

** (?) pi^^aapori Mask. 

*' Bînenèis Mask. 

** var. viridis Ckll. 

** var. virescena Mask. 

»» viridis Full. 

Parlatoria pergandei Morgan, La. Sta., Bull. 28, 2d ser., pp. —, (18 — ). 

La. Sta., Sp. Bull., pp. —, (18—). 
Parlatoria proteus Curt., var. pergandei Comst., King. Can. Ent., vol. —, p. 228. 
Parlatoria pergandei Reh., Zeitsohrift fur Entom., vol. V, p. 162, June, 1900.* 
do Ckll., Amer. Nat., July, 1897, p. 592.* 

do Craw, Rept. Bd. Hort. Cal., vol. V, pp. 41, 42, pi. VIII, 

fig. 5, 1895-'96.* 

Kermès nivalis. 

Kermès nivalis King and Ckll., Ann. and Mag. Nat. Hist., ser. 7, vol. II, 1898. 
do King, Can. Ent., p. 139, (1899), vol. XXXI. 

Psyché, p. 80, July, 1900. 
do Ckll., Psyché, IX, p. 44, Apr. 1900.* 
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Kermès pubescens. 

Kermès pubeacena Bogue, Can. Ent., vol. 30, No. 7, p. 172, (1898). 
do Kifig, Can. Eat, p. 139. 

Psyché, p. 80, July, 1900. 
do Ckll, Psyché, IX, p. 44, Apr. 1900.* 

Orthesia gratninis, 

Orthesia graminia Tinsley, Can. Ent., vol. 30, No. 1, p. 13, (1898). 

NoTB.— To the liât of food-plants Misa Btta Willett, a stadent of this department, added a 
nomber, an ezaet account of which was not taken ai the Urne. 



APPENDIX. 

Other Ooccid» Beported from Kansas. 

Kermès concinnulus Ckll., Cockerell, on oak, Can. Ent., p. 172, (1898). 
Aspidiotus m,arlatti Parrott, on Andropogon scoparius and Andropogon 

furcatus, Can. Ent., p. 282, (1899). 
Antonina nortoni Parrott and Ckll., on Bouteloua racemosa^ Can. Ent., Oct. 

(1899). 
Lecanium longulum Dougl., Parrott, Industrialist, p. 39, (1899). 
Lecanium pruinosum Comst., ibid. 
Aspidiotus cyanophylli Sign., ibid. 
Aulacaspis boisduvalii Sign., ibid. 
Parlatoria proteus Curt., ibid. 

Aspidiotus helianthi Parrott, Can. Ent., vol. 31, p. 176 (1899). 
Antonina boutelouœ Parrott, on Bouteloua hirsuta^ Parrott, Kan. Agr; Coll. 

Bull. No. 98, p. 138,(1900). 
Antonina purpurea Sign., on Milium and Agripyrum,^ ibid. 
Antonina graminis Parrott, on Eragrotis trichodes^ Bulbilis dactyloides, 

Paspalum ciliatifolium,, ibid., p. 140. 
Oymnococus nativus Parrott, on Sporoholus cryptandrus, ibid., p. 143. 
Pseudolecanium obscurum Parrott, on Audrogopon scoparius and Sporo- 

bolis longifolius, ibid., p. 145. 
Pseudolecanium californicum Ehrhorn, on Androgopon furcatus, ibid., 

p. 145. 
Ericoocus kemptonia Parrott, ibid., p. 144. 
Pulvinaria hunteri, on maple, King, MS. 

Labobatobt of Cokpabativb Zooloot and Entomoloot, 
July, 1901. 
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PLATE VIII. 




FiG. L—fCermes pvbesccns on Quercun alba^ Lawrence. 




FiG. 2. — Kermen nivalis on Quercits cUba^ Lawrence. 




FiG. 3.— Ventral view of Orthezia 
graminia on goldenrod (Solidago sp.), 
without posteriorly elongated egg sac. 
Mrs. S. G. Cady, col., Blue Rapids, 
Marshall county. 




FiG. 4.— Dorsal view of Orthezia 
graminia^ showing posteriorly elon- 
gated egg sac. 



Photographe bf/ the author. 
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Lantern or Stereoptîcon Slides. 

Duplicates of the extensive collection of original Lantern Slides, made ez- 
pressly for the University of Kansas, can be obtained from the photographer. 

The low price of 33è cents per slide will be charged on orders of twelve or 
more plain slides. Colored subjects can be supplied for twice the price of plain 
subjects, or 661 cents each. 

Send for list of subjects in any or ail of the following departments: 

PHY8ICAL GEOLOQY AND PALEONTOLOQY.- Erosion, Glaciers and Ice, Volcanoee 
«nd Eruptions, Colorado Mountain Scenery, Arizona Soenery, Restoration of Eztinct Ani- 
mais, Rare Fossil Remains, Kansas Physical Characters, Chalk Région and Irrigation, Bad 
Liands of Sonth Dakota, Fossil Région of Wyoming, Microscopic Sections of Kansas Bailding 
Stones, Evolution. 

MINERALOGY.— Microscopic Sections of Crystalline Rocks, and of Clays, Lead Mining of 
-Galena, Kan., Sait Manufacture i<i Kansas. 

BOTAN Y AND BACTERIOLOGY.- Morphology, Histology and Physiology of Plants, Para- 
sitie Fungi from Nature, Disease Germs, Formation of Soi! (Geological), Distinguiahed Bota- 
nists. 

ENTOMOLOGY AND GENERAL ZOOLOGY.— Insects, Corals, and Lower Invertebrates, 
Birds and Mammals. 

ANATOM Y.— The Brain, Embryology , and Functions of Sensés. 

CHEMISTR Y.— Portraits of Chemists, Tozicology, Kansas Oil Wells, Kansas Meteors, Tea, 
Coffee and Chocolaté Production. 

PHARMAC Y.— Médical Plants in Colors, Characteristics of Drugs and Adultérations, Anti- 
toxin, Norway Cod and Whale Fishing. 

CIVIL ENGINEERING.- Locomotives and Railroads. 

PHYSICS AND ELECTRICAL ENGINEERING.- Electrical Apparatus, X-Rays. 

ASTRONOMY.— Sun, Moon, Planets, Cornets, and Stars (many subjects in colors). 

SOCIOLOGY.— Kansas State Penitentiary, Indian Education and Early Condition. 

AMERICAN HISTORY.— Political Caricatures, Spanish Conquests. 

GREE K.— Ancien t and Modem Architecture, Sculpture, Art and Texts. 

GERMAN.— German National Costumes (in colors), Nibelungen Paintings, Life of William 
Tell, Cologne Cathodral. 

FINE ARTS.— Classical Sculpture and Paintings, Music and Art of Bible Lands, of Chaldea, 
Assyria, Egypt, Palestine, and Armenia, Religions Customs of India, Primitive Art and Condi- 
lÂon of Man, Modem Paintings and Illustrations. 

For further information, address DAVtD HORKMAN, Lawrence, Kan. 
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ADVERTISEMENT, 



The Kansas University Quarteelt is maintamed by the Uni- 
versity of Kansas as a médium for tiie publication of tbe résulta of 
original research by metnbers of tbe University. Papers will be 
publisbed only on recommendation of Committee of Publication. 
Contributed articlt^B shoiild ho in tbe hands of the committee ai least 
oae month prior to tbe date of publication. A limited number of 
authoT*B separata will he fnmished free to contributors. 

In order to bave the volume begiti wîth tbe year, volume V of tbe 
Qdabterly was closed witli the nuiuber for Oetober, 1896, and bas 
but two nnmberfi ; but no issue wais omitled. 

Beginning with volume VI, the C^uarterly appears in two séries: 
A, Science and Matbematics; B, Philology and History, 

The QuARTERLY is iasued regularly, as indicated by its title. Eacb 
nnniber contains fifty or more pages of reading*iiiatter, witb neoessary 
illustrations» The four numbers of each year constitute a volume. 
The x^rice of subeeription is two dollars a volume, single numbers 
varying in priée with cost of publication. Excbanges are solicited. 

Communications sbould be addressed to 

H. B, Newsox, 

Univergity of Kangae, 
Lawseîcck. 



COMMITTEE OF PUBLICATION. 

8. W. WILLISTOH; £. C. FRANKLIN. 

W, C. STEVEW8. 8, J. HUNTER, 

H. B. KEWSOH, Mftna^ÎQg Editor. 



Thla joarnftl i» oa ftle iii Ûm olîice 0! the Univcntity Hrrûtv, New York çitjr* 
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Kansas Univebsitï Quaeterlï. 

Vol. X, No. 4. OCTOBER, 1901. Séries A. 



BIBLIOQEAPHT OF SCIENTIFIC PUBLICATIONS BT MEM- 
BEBS OF THE UNIVEESITT OF KANSAS. 



FIRST SUPPLEMENT. 

^ I ^HERE was publîshed in this journal, séries A, Volume VIII, 

-*- No. 4, October, 1899, a bibliography of the scientific publications 

by members of the University of Eansas. In the présent supplemen- 

tary list this bibliography is corrected in a f ew places and brought up 

to date. 

Aldrich, John M. 

B. S. (South Dakota Afirricultural Collegre, 1888); M. S. (same, 1891, and Uni- 
▼eraity of Kansas, 1893). Professor of 2kx)logy and Entomologist of Agricultural 
Experiment Station, University of Idaho, 18fi^. 

1892 — 1. A New Genus and Speoies of Tabanidœ; Psyché, pp. 236, 237, 1 fig. 

2. New Species of Phora ; Canadian Entomologist, pp. 142-146, figs. 

3. The Systematic Position of the Diptera ; Science, New York. 

4. Révision of the Gênera Dolichopus and Hygroceleuthus ; this journal, 

pp. 1-26, 1 pi. 

5. New Gênera and Speciee of Psilopinœ ; this journal, pp. 47-60. 

6. The Dolichopodid Genus Liancalus Loew ; Psyché, pp. 569-571. 

1894 — 7. New Gênera and Speoies of Dolichopodidœ ; this journal, pp. 151-157. 

8. Courtship among the Flies; Amer. Nat., pp. 35-37. 

1895 — 9. The Tipulid Gênera Bittacomorpha and Pedicia ; Psyché, pp. 200, 202, 

Ifig. 

1896 — 10. A Collection of Diptera from Indiana Caves ; 21st Annual Report of 
the G^logy and Natural Resources of Indiana, 1 fig. 

11. The Dipterous Gênera Taohy trechus and Macellocerus ; Trans. Amer.. 

Ent. Soc., pp. 81-84. 

12. On the Diptera of St. Vincent (Dolichopodidœ and Phoridœ); Trans.. 

Ent. Soc. Lond., pp. 309-345 and 435-439. 

1899—13. A Balloon-makinff Fly (published with L. A. Turley); Amer. Nat., pp.. 
809-812, with illustrations. 
14. Goniops and other Synonyms ; Ent. News, p. 531. 

lS-K.U.Qr. A-x 4 ri49]-K.U.Qr.-A x 4-October, '01. 
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Bailey, Edgar Henry Summbrfibld. 
(Continned from vol. yiii A, p. 140.) 

1900—53. A ComparisoD of the Chemical CoDstituents and Nutritive Values of 
Native and Cultivated Grasses ; Quar. Rep. Kans. St. Bd. Agric, 
March. 

54. The New Chemical Laboratory of the University of Kansas ; Science, 

N. S., xii, No. 313, Dec. 28, pp. 997-1001, ûg. 6. 

55. Od the Softening of Public Water-supplies, with some Analyses of a 

Récent Process; Proc. Kans. Gas.Water and Elec. Lt. Assoc., pp. 
1&-26. 

1901—56. Ezperiments on the Relative Heating Power of Goal and lUuminating 
Gas ; Trans. Kans. Acad. Sci., xvii, pp. 35-38, fig 1. 

57. A Laboratory Guide to the Study of Qualitative Chemical Analysis; 

200 pp., (with H. P. Cady) ; P. Blakiston's Son & Co., Phila. 

58. The Development of the Incandescent Gas Lightini; Industry ; Proc. 

Kans. Gas, Water and Elect. Lt. Assoc, pp. 22-29. 

BartoWy Ef/ward. 

(Continiied from yol. yiii A, p. 14a) 

1898 — 4. Analyses of Fort Scott Cernent Rocks; Kans.Univ. G^l. Surv.,iii,p.33. 

1900 — 5. Classification of Organic Remédies; Organic Materia Medica and 

Pharmacognosy, by Prof. L. E. Sayre, Phila., 1900, pp. 26-36. 

6. Microscopic Comparison of Samples of White Arsenic ; this journal, 
• ix. A, pp. 245-247, pis. xlvi-zlviii. Reprinted, Amer. Micros. 
Jour. 

1901 — 7. Blunder in Caring for Parts of a Body Intended for Chemical Exami- 

nation ; Médical Record, (New York.) 

8. Action of Liquid Anhydrous Ammonia on Acid Chlorids and Esters ; 
this journal, x, pp. (with D. F. McFarland). 

Ceede, Joshua William. 

(CoDtinaed from yol. yiii A, p. 140.) 

1897— la. Stratigrapby of Shawnee county ; Trans. Kans. Acad. Sci., xv, pp. 
27-34. 

1899 — 9. Description of Some New Forms of Pseudomonotis from the Upper 

Coal Measures of Kansas ; this journal, viii, pp. 79-81, pis. viii, ix. 

10. On the Corrélation of the Coal Measures of Kansas and Nebraska; 
Trans. Kans. Acad. Sci., xvi, pp. 70-84. 

1900—11. Two New Crinoids from the Kansas Carbon if erous; this journal, ix, 
pp. 21-24, pi. V. 

12. Carboniferous Invertebrates ; Univ. Geol. Surv. Kans., vi, pp. 1-187, 
pis. i-xxii, 11 figs. 

1901—13. A Reconnaissance in the Blue Valley Permian; this journal, ix, pp. 
191-262, pi. xliii. 

14. Age of the Kansas-Oklahoma Red Beds ; Amer. Geol., xxviii, pp. 46, 47. 

15. Fauna of the Permian of Central United States, I ; Trans. Kans. Acad. 

Soi., xvii, pp. 185-189, pis. xiii, xiv. 

Blackman, Maulsby Willett. 
A. B. (University of Kansas, 1901). 
1901 — 1. Spermatogenesis of the Myriapods, I ; this journal, x A, pp. 61-76. 
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Blake, Lucibn Ira. 

(Continiied from voL Tiii A, p. 141.) 
1896—10. An Adjuatable Condenser for High Potentials; Elec. World, Noy. 7, 1896. 
1899—11. Electrolysis of Cast Iron Water Mains; Eleo. World, Dec. 16, 1899. 
12. Professional Degrees ; Elec. World, Noy. 4, 1899. 

1901—13. The Photometnr of Commercial Illuminants. Froc. Kan. Gas, Water 
and Elec. Light Assoc, Nov. 13, 1901. 

1902—14. A Simple Photometer; Elec. World, Jan. 18, 1902. 
Cady, Hamilton Pbrkins. 

(ConUnned from vol. viii A, p. 142.) 

1900—10. Détection of Arsenic, Antimony, and Tin; tbis journal, iz A, pp. 259- 
263. 

Crâne, Waltbr Richard. 

A. B. (Universityof Kansas, 1895, and A. M., 1896): Ph. D. (Columbia, 1901). 
Instructor, Liawrence High School, 1896-*97; Beloit Uiffh School, 1897-'98; In- 
Btructor of Manual Training, city scbools, Janesyille, Wis., 1898-'99; Assistant 
Profeesor of Mining, 1899. 

1896 — 1. Curvimeter; this journal, iv, p. 121. 

2. Horsebacks in the Kansas Coal Measures; this journal, iv, p. 145. 
1898 — 3. Spécial Report on Coal ; Univ. Geol. Surv. Kans. , iii, part 2, pp. 107->313. 

4. Investigation of Magnetic Fields with Référence to Ore Concentration ; 
Trane. Amer. Inst. Min. Eogs., zzz, pp. — . 

1901 — 5. Slime Treatment; Mines and Minerais, 1901, p. 465. 

6. Concentrating Zinc-Lead Ores; Mines and Minerais, Sept., 1901, p. 73. 

7. Methods of Prospectiog and Mioing in the Galena Joplin District; 

Eng. and Mining Journal, Sept. 21, 1901, p. 360. 

8. A Boiler Explosion; Mines and Minerais, Nov., 1901, p. 175. 

9. Mining and Milling of Gypsum in Kansas; Eng. and Mining Journal, 

Nov. 9, 1901, p. 602. 
10. Kansas Coal Mining; Eng. and Mining Journal, Dec. 7, 1901, p. 748. 

Diemer, Hugo. 

M. E. (Ohio State University, 1896). With BuUock Electric Manufacturing 
Company, Cincinnati, and Westingbouse Electric and Manufacturing Company, 
Pittsburg, 1896-^99; in cbarge of Mechanical Department A. and M. Collège, 
Greeneboro, N. C, 1899-1900; Assistant Professer of Mechanical Engineering, 
Michigan Agricultural Collège, 1900-^01 ; Associate Professer of Mechanical En- 
gineering, 1901. 

1900 — 1. The Purchasing Department; Eng. Mag. 

2. The Classification of Shop Orders; Eng. Mag. 

3. The Production Department: Bills of Material; Eng. Mag. 

4. The Production Department: Store-room Management; Eng. Mag. 

5. The Production Department: The Execution of the Work; Eng. Mag. 

6. Practical and Accurate Time-keeping ; Eng. Mag. 

7. The Figuring of Total Costs; Eng. Mag. 

1902 — 8. Aids in Taking Inventory ; Eng. Mag. 

Dyelie, Lewis Lindsay. 
( CoDtinaed from vol. viii A, p. 141.) 
1893 — 4a. Mounting Large Mammals. Scientific American, October 7. 
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Frauklin, Edward Cubtis. 
(CoDtinoed from vol. yiii A, p. 145.) 

1899—10. Metathetio Réactions between Certain Salts in Solution in Liquid 
Ainmonia; Chem. News (London) 1899 (with C. A. Kraus). 
11. Some Properties of Liquid Ammonia; Chem. News, 1899. Also, loe 
and Réfrigération, zzvi, p. 439 (with C. A. Kraus). 

1900—12. The Conductivity Température Coefficient of Some Liquid Ammonia 
Solutions; Amer. Chem. Jour., zzvi, p. 83 (with C. A. Kraus). 

1902—13. Réactions between Aoid and Basic Amides in Liquid Ammonia Bolu- 
tions; Amer. Chem. Jour., Aug., 1902 (with O. F. Stafford). 
14. lonic Velocities in Liquid Ammonia (with H. P. Cady). Read at 
Pittsburg meeting of A. A. A. S. 

Uarris, J. Arthur. 

A. B. ( University of Kansas, 1901 ). Graduate Student, Uniyersity of Kansas, 
1901; Botanical Assistant, Missouri Botanical Garden, 1901. 

1900 — 1. Annotated Catalogue of the Crayfishes of Kansas; this journal, iz A, 

pp. 263-274. 

2. Annotated Catalogue of the Crayfishes of Kansas (abstract); Trans. 
Kans. Acad. Sci., zviii, p. 115. 

1901 — 3. Notes on the Habits of Cambarus immunis Hagen ; Amer. Nat., zzzv, 

pp. 187-191. 

4. The Dimorphism of Cambarus, I; this journal, z, pp. 49-59. 

5. Observations on the So called Dimorphism in the Maies of Cambarus 

Erichson; Zool. Anzeiger, zzv, pp. 683-689. 

6. Normal and Teratological Thorns of Gleditschia triacanthos L., with 

5 pis.; Trans. Acad. Sci. St. Louis, zi, pp. 215-222. 

Havenhill, L. D. 

Ph. C, 1893, Ph. M., 1894 (University of Michigan). Assistant in Pharmacy 
and Pharmacognosy, University of Michigan, 1893-'94; Analytical Chemist with 
Dr. A. B. Lyons, Honolulu, H. I., 1894-^95; Pharmacist with J. B. Chase, Au- 
rora, 111., 1895-'96; Chemist with the Chicago & Aurora Smelting and Refin- 
ing Company, Aurora, 111., 1896-*99; Assistant Professer of Pharmacy, University 
of Kansas, 1899. 

1893 — 1. Microscopical Examination of Mustard, Cloves, and Pepper; Proc. 

Mich. St. Pharm. Assoo., pp. 22, 23. 

1894 — 2. Expérimental Work on the Solvent Power of Alooholio Menstrua ; Proc. 

Amer. Pharm. Assoc, xlii, pp. 167-171. 

1900 — 3. Pharmacy for Freshmen, Havenhill and Sayre. 
Merck*s Report, ix. No. 2, p. 52. 

*' " No. 3, pp. 100, 101. 
*• " No. 5, pp. 195-197. 
" *« ** No. 7, pp. 309-311. 

*' *• ** No. 9, pp. 409, 410. 

*• »* ** No. 10, pp. 450, 451. 

*' No. 11, pp. 500, 501. 
1901— 3a. Merck's Report, z. No. 1, pp. 7,8. 

" *• *' No. 3, pp. 84, 85. 

** «c ii No. 4, p. 114. 

'* *» " No. 6, pp. 182, ia3. 

** ** •* No. 8, pp. 247-249. 

" " No. 10, pp. 321, 322. 
4. An Extraction Apparatus; Drug. Cire, xlv, No. 9, p. 193. 
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Uaworthy Ebasmus. 

(CoDtiDiied from vol. viii Â, p. 146.) 

1900—38. ADDual Report on Minerai Resources of Kansas for 1899. Sizty-seven 
pages and five plates. 

39. Relations between the Ozark Uplift and Ore Depoeits; Bul. Geol. 

Soc. Amer., xi, pp. 231-240. Read Deoember 30, 1899. 

40. Metallio Copper from the Red Beds of Oklahoma; Bul. Greol. Soc. 

Amer., xii. Read June 30, 1900. 

1901—41. Uses of Petroleum and Natural Gas in Kansas; Eng. and Min. Jour., 
xxii, p. 327, September 14, 1901. 
42. The Gypeum Cement-plaster Industry in Kansas; Eng. and Min. 
Jour., xxiii, p. 37, January 4, 1902. 

1902 — 43. Annual Report on Minerai Resources of Kansas for 190O-'Ol, May, 
1902. 

HiiQter, Samuel John. 
(Continaed from yoL yiii A, p. 148.) 

1899 — 15. Entomologioal Législation in the Interests of Horticulture; Trans. 
Kans. St. Hort. Soc., xxiv, pp. 66, 67, 1899. 
16. The Ck>ccidsa of Kansas, III ; this journal, ix, A, pp. 101-107, pi. xviii- 
xxiv. 

1900—17. Alfalfa Culture and Inseot Life; Quart. Rep. Kans. St. Bd. Agric, 
Mar., 1900, pp. 41-51, 5 pis., 3 figs. 

18. Some Entomologioal Problème in Horticulture; Rep. Colo. St. Bd. 

Hort., xi, 1899 (1900), pp. 54-57, 66-69. 

19. The Melanopli of Kansas, part I; Psyché, ix, pp. 63, 64, June, 1900 

(with W. S. Sutton). 

20. The Melanopli of Kansas, part II ; Psyché, ix, pp. 76-78, July, 1900 
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Hyde, Ida H. 

(Continued from yol. yiii A, p. 148.) 
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2. Some Properties of Liquid Ammonia; Chem. News, 1899 (with E. C. 
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1901—16. The Culture Value of Engineering Education; Proc. S. P. E. E., iz, 
p. 13 ; Science, July 26 ; Eng. News, zlvi, p. 12 ; Eng. Record, zlii, 
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pp. 13-32. 

23. On the Group and Subgroups of Real Collineations Leaving a Tetra- 

hedron Invariant (A New Theory of Collineations in Spaoe, I); x 
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5. Mineralogical Notes; Amer. Jour. Sci., iz, pp. 364-366. 
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this journal, iz A, pp. 161-165. 
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journal, iz A, pp. 17.3, 174. 
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254. 

1901—10. Mineralogical Notes, No. 2; Amer. Jour. Sci. zii, pp. 41-48. 

11. A List of Crystal Forms of Calcite with their Interfacial Angles; 

School of Mines Quarterly, zzii, pp. 429-448. 

12. A List of Minerais Arranged According to the Thirty-two Crystal 
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1902—13. Mineralogical Notes No. 3; School of Mines Quarterly, xziii, pp. 
133-139. 

RoiiNe, J. E. 

1896 — 1. The Visual Perception of Distance; this journal, v A, p. 109. 

Sayre, L. E. 

( Continaed from vol. yiii Â, p. 165.) 

180. Commente on some Vegetable Drugs asked to be Dismissed from the 
Pbarmacopœia (with L. A. Waldo); Proc. Kans. Pharm. Aseoc., 
p. 35. 

1899—181. Comparison of Salicylic Acid and Formaldehyde ; Merck's Report, 
viii, p. 55. 

182. Quantitative Tests of the U. S. P. (with D. H. Spencer); Merck's 

Report, viii, p. 107. 

183. Disadvantages of Practical Expérience; Merck's Report, viii, p. 500. 
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Chas. Sterling). 
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Lindsay ). 
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201. The Halogène; West. Drug Record, xvi, p. 132. 
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1900 — 1. Note on the Permian Flora of Kansas ; this journal, ix, pp. 63-65. 
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pp. 208, 209. 
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vi, p. 484. 
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1885 — 88. Is the Rainfall of Kanss» locreasing? Science, January 2, pp. 12, 13. 
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1889-93. Three New Kansas Birds; Trans. Kans. Acad. Sci., xi, p. 62. 

1890 — 94. Another Météorite from Kiowa Couoty, Kansas ; Science, xvi, pp. 39, 40. 
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A. B. ( Kansas University, 1900); A. M. ( 1901 ). Instructor in Zoôlogy, Kansas 
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Ward, Frank E. 
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(Continued from vol. viii A, p. 174.) 
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The Séquence of Tenses in Latin, vii B, 57. 

WARD, Frank E. 
A Plan for Increasing the Capacity of the Heating Plant of Spooner Library, 
University of Kansas, vii A, 149. 

WELLMAN, Mary H. 
The Prothorax of Butterflies, iii, 137. 
Bibliography, viii A, 169. 

WILKINBON, P. 
Dialect Word-list, IV (with W. H. Carruth), vi B, 85. 

WILLISTON, S. W. 
Kansas Ptérodactyle, I, i, 1. 
Kansas Mosasaurs, I (with E. C. Case), i, 15. 
Diptera braaUiana, II, i, 43. 
On the Apioceridse and their Allies, i, 101. 
Diptera brasiliana, III, i, 110. 
New or Little-known Diptera, ii, 59. 
Kansas Ptérodactyle, II, ii, 79. 
Kansas Mosasaurs, II, ii, 83. 
Restoration of a Rhinocéros (Aceratherium fossiger), ii, 289. 
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Vertebrate Remains from the Lowermost Cretaceous, iii, 1. 

A New Turtle from the Ben ton Cretaoeous, iii, 5. 

Notes on Uintacrinus aocialis Grinoell, iii, 19. 

Restoration of Platj/gonns, iii, 23. 

The Geous Dolichomyia, with Description of a New Speoies, iii, 41. 

New or Little-known Eztinct Vertebrates, iii, 165. 

Ezotic Tabanidse, iii, 189. 

Semi arid Kansas, iii, 209. 

Dialysis and Triptotricha, iii, 263. 

New Bombylidœ, iii, 267. 

Notes on the Mandible of Ornithostojna, iv, 61. 

Two Remarkable Gênera of Diptera, iv, 107. 

Biblioeraphy of North American Dipterology, 1878-'95, iv, 129. 

Fissioorn Tachinidœ, iv, 171. 

On the Skull of Ornithostoma, iv, 195. 

Bibliography of North American Dipterology, II, iv, 199. 

On the Dermal Covering of Heaperornia^ v, 53. 

Diptera braailiana, IV, vi A, 1. 

Restoration of Ornithostoma (Pleranodon)^ vi A, 35. 

Notice of Some Vertebrate Romains from the Kansas Permian, vi A, 57. 

Brachysaurua^ a New Genus of Pythonomorpha^ vi A, 96. 

On the Extremities of Tyloaaurua, vi A, 97. 

Restoration of Kansas Mosasaurs. vi A, 107. 

Range and Distribution of Mosasaurs, with Remarks on Synonymy, vi A, 177. 

A New Labyrinthodont from the Kansas Carboniferous, vi A, 209. 

The Sacrum of Moroaaurua, vii A, 173. 

Some Prehistoric Ruins in Scott County, Kansas, vii B, 109.' 

Some Additional Characters of the Mosasaurs, viii A, 39. 

A New Grenus of Fishes from the Niobrara Cretaoeous, viii A, 113. 

A New Species of Sagenodua from the Kansas Goal Measures, viii A, 175. 

Notes on the Coraco-scapula of Eryopa Cope, viii A, 185. 

Some Fish Teeth from the Kansas Cretaceous, iz A, 27. 

Bibliography viii A, 169. 

Bibliography, continued, x A, 158. 
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A. 
A new ffenos of feras from the Permian of 

Kaosas, iz,* 179. 
A recoDnaiuanœ in the Blae Valley PeraiiaD, 

iz, 191. 
Aecessorjr chromoeome in Scolopendra, z, 71. 
Aoeratheriom fotsiger, ii, 289. 

restoration of, ii, 290. 
Aoid chlorids, action with anhydroas ammo- 

nia, z, S9. 
Aoima, ii, 166. 
Aorididae, the spermatocyte diTiaions of the, 

iz, 73. 
Aeroglossa hesperidarum, iii, 184. 
Actias lana. ii, &2. 
clypensof, ii, 52. 
genee of, ii, 52. 
epicraninm of, ii, 58. 
occiput of, ii, 58. 
Adalteration of bnckwheat floar, vii, 87. 
Africa, 18^5, Earopean possessions in, viii B, 
map I. 
18S4, Bnropean possessions in, viii B, map 

IL 
1885, Earopean possessions in, viii B, map 

III. 
1899, Européen possessions in, viii B, map 

IV. 
The partition of, viii B, 1. 
Airnotomyia. iii, 265. 

Air résistance and pressure, notes on, iv, 6S. 
Alcohol-solTont power of clearing and mount- 

in« média, vii, 197. 
Alethopteris, systematic description of, z, 7. 
Algœ, apparatus for the study of, vii, 112. 
AUograpta obliqua, i, 37. 
Allograpta obliqua, iii, 239. 
Allotrichoma abdominale, vii, 4. 
Alternating currents in Wheatstone's bridge, 

vii, 31. 
American cities, government of, bibliography, 

i, 184. 
American Dialect Society, i, 73, 137. 
American Indiens, température sensé in, iii, 

203. 
American Natnralist, ii, 156. 
Amids, formation of, by anhydrous ammonia, 

z, 79. 
Ammonia, anhydrous action of, on acid chlo- 
rids, z, 80. 
on esters, z, 81. 

liquid, ezplosive compound formed by the 
action of, upon iodine, vi, 71. 



Amplezus westii, vii, 17. 
Analysis, rocks of Great Spirit spring, i, 85. 
Analyses, table for the calculation of, vi, 50. 
Androconia of Lépidoptère, iii, 76. 

of Argynnis idalia, Danais archippus, 

Dichrooia, Hadena, iii, 78. 
of Papilio, Pieris rapœ, iii. 77. 
of 8phinzligastri,Theclacalamur, iii, 78. 
Andropogon furcatus, i, 128. 
Androetomns vociféras, iii, 133. 
Ankerite from Phelpe oounty. Missouri, by 

Austin F. Rogers. viii. 183. 
Annotated catalogue of the crayfishes of Kan- 

sas, iz, 263. 
Annotated list of the minerais oocurring in 
the Joplin lead and zinc district, iz, 161. 
Anogmius polymicrodus Stewart, notes on the 

osteology of, viii. 117. 
Anomia. ii, 165. 
Antimony, and tin, the détection of arsenic, 

iz, 259. 
Apical point in spermatooy tes of Scolopendre, 

z, 66, 67. 
Aptorthus, ii. 48. 
albicillatus, ii, 48. 
borealis, ii, 49. 
nigripes, ii, 49, 50. 
townsendi, ii, 50. 
Arctophila flagrans, iii, 242. 
Argynnis cybele, ii, 52. 

dypeusof, ii, 52. 
Argyromœba, iii, 48. 

Arsenic, antimony. and tin, the détection of, 
iz. 259. 
microscopic comparison of samples of 
white, iz, 255. 
Arthrostylum fascipennis, n. sp., iv, 109. 
Arthrostylinm, gen. nov. ( Leptidae), iv, 108. 
Apiocera. i, 110. 

brevicornis, i, 102. 
Apioceridœ, i, 101. 

literature of, i, 116. 
Apparatus to facilitate the process of fizing 

and hardening matériel, vii, 107. 
Asclepias cornuti, vii, 77. 
Asilidœ, muuth parts of, i, 114. 

a list of , supplementary to Osten Sacken's 
Catalogue of North American Diptera, 
1878-'95, iv, 173. 
bibliography of, iv, 189. 
Asilids, new species of, vi, 103. 
Asilus alfinis, ii, 73. 
angustifrons, ii, 71. 



* Unless otherwise indicated, références are to " Séries A.'* 
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Asilaa aonolatas, ii, 70. 

arizooensis, ii, 76. 

astatus, ii, 70. 

callidas, ii, 75. 

diatioctas. ii, 78. 

flavipes. ii, 72. 

leaeopoffoo, ii, 75. 

midas, ii, 60. 

notatas, ii, 74. 

DOW sootiee, il, 68. 

sericns, ii, 68. 
Âapidiotas œooaJi, tiibspeoies solas, sab. sp. 
D.. Tiii, 12. 

ancyolas, viii, 4. 

feraaldi, sobspecies albivonter, snb. sp. n., 
viii, 6. 

forbesi, viii, 8. 

«reenii, viii. 11. 

herderœ, viii, il. 

joglans-reffiip, viii, 8. 

obscaras, viii, 7. 

oaborni, viii, ft. 

peraiciosQS, viii, 10. 

nlmi, viii, 6. 

nvae, viii, 4. 
Astacus, sprinff and aatamo eodyses of, z, 53. 
Asteronella, i, 87. 
Aabura, penitentiary at, i. 161. 
AoloporaT anoa, vil, 18. 

prosseri, vit, 18. 
Aasteo. £. £., iii, 281. 
Avena sativa, i, 126. 
Axial filament, oriffin of, in Scolopendra, z, 70 

and 74. 

B. 

Baccba clavata, iii, 239. 
lerour. iii. 240. 
obscaricornis, iii, 240. 
Bactoria, relation of, to oxysen, vil, 111. 
Basai pointM of a System of cubics, i, S2, 56. 
Basai points of a System of qaartics, i, 66, 60. 
Banr, Geo, classification ofMosasanridcp, i, 15. 
BeckerielJa, vi, 2. 

bispinosa, vi, 2. 
Belvosia, iii, 181. 
Bericeley, visnal tbeory of, v, 100. 
Berlin, municipal ^overnment of, biblio^- 

raphy, i, 183. 
Bertillon System ofregistryofcriminals, i, 173. 
Beryxî, vii, 105. 
Beryx multidentatus, vii, 106. 

polymicrodns. vii, 105. 
Biblio^aphy of Nortb American diptera, 1878- 

'95, iv, 120. 
Bibliof?raphy, a brief, of municipal ^vern* 

ment in tbe United States, i, 170. 
Biblio^rraphy of scientific publications by 

members of the University of Kanas, 

viii, 138. 
Biffot, J. P. M., ii, 28, 47, 48. 
Binocular perception of space, v, 112, 117. 
Biograpbical statistics of reformatory in- 

mates, i. 166. 
Blepharoceridee, a new «renus of, i, 110. 



Bison antiqnas, notes on the osteology of, 
vi A, 127. 
latifront. vi, 127. 

tbe fossil, of Kansas and Alaska, viii, 17. 
occidentalia, the character of, viii, 17. 
Blepharoneura. ii, 167. 
Bine Valley Permian, a reconnaissance in the. 

ix, 101. 
Bohemiant in Kansas. iii, 150, 161. 
Bombyiiidip, nevr, iii, 267. 
Booth, Charles, inveeti«atioDB of , i, 164. 
Bos americanas, comparison of, v, 120. 
Boston, manioipal govemment of, biblioff- 

raphy, i, 105. 
Bouteloaa raoemoaa, i, 188. 
Braohyopa cynopa, iii, 240. 

vacaa. iii, 246. 
Brachydentra argentata, vi, 4. 
Brachypalpos parvns, iii, 247. 

dimidiaU, vi, 4. 
Brachysaanis, vi, 06. 
overtoni, vi, 06. 

a new geons of Moaasaurs, vi, 09. 
BrachystoU magna, the spermatogonial divi- 
sions of, ix, 185. 
Braaer, Dr. F. M., vii. 200. 
Bryosoans f rom the Coal Measores of Kansaa 

and Mi^souri, new, ix, 1. 
Bryoxoan genns Rhabdomeson in America, oc- 
currence of, ix, 178. 
Brefeld, experiments of. i, 127. 
Brookway, Z. R., superintondent Elraira re- 
formatory, i, 165, 166. 
Buckwheat flour, adulterlttion of, vii, 87. 
Budget, control of the, in the United States 
govemment, ii, 175. 
effect of the Bnglish on the American, ii, 
213. 
Bnrgesd. Edward, cited, ii, 52, 55, 56. 
Burlington limestooe, iii, 277, 281 ; vii, 232. 

named, ii, 110. 
Burmeister, H., cited, ii, 54. 
Butterflies, a studyof the prothorax of, iii, 137. 

C. 
Caloulation of analyses, table for, vi A, 111. 
Caley's method for nnicursal quartics, i, 58. 
Callicera, iii, 187. 

generic characters of, i, 88. 

raentensis, iii, 225. 

montensis, i, 34. 
Callomyia, iii, 143. 151. 

amœna, iii, 144, 152. 

aurantiaca, iii, 207. 

bella. iii, U\ 151. 

divergons.iii, 151. 

humeralis, iii, 207. 

leptiformis, iii, 144, 152. 

notata, iii, 151. 

talpuia, iii, 151. 

tenera. iii, 151. 

torporata, iii, 151. 

venusta. iii, 144, 151, 207. 
Calotarsa, iii. 143. 
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Carobaroa, dimorpbtsm of, z, 49, 59. 

immunis, characters of flrst and seoood 
form maJea, z, 50, 58. 
preparatioD of material from, z, 5t. 
flummary of résulte opon, z, 59. 
table showioff condition of spécimens, 
z, 55, 58. 
Campophyllam torqaium Oweo, notes on, yii, 

187. 
Canadian Entomolo^st, i, 89. 
Oanadian Natnralist, i, 41. 
Canonical fotms of binary qaintic and seztic, 

Ti Â, 201. 
Canonical forms of projective transforma- 
tions, vii, 132, 140. 
Carboniferoas of Kansas, iii, 216. 

two new crinoids from the Kansas. iz, 21. 
Oardloid, articles on the. i, 89. 
as a cuspldal qaartic, i, 63. 
Carlyle limestone, iii, 277. 

named, ii, 110. 
Carphotrioha calta, ii, 160. 
Catabomba pyrastri, iii, 232. 
Cat, collatéral oircalation in the, iz, 167. 
Catalogne of the crayflshes of Kansas, anno- 

tated, iz, 263. 
Catenary, analytical properties of, vii, 214. 
center of gravity of, graphioally, vii, 218. 
conforming to given conditions, vii, 222. 
eqaation of deduced, vii, 212. 
formed by given length of cord, vii, 222. 
fonr cases of the, vii, 222. 
geoerated by roUing parabola, vii, 217. 
graphical method for constructing, vii, 

211. 
graphical représentation of properties of, 

vii, 212. 
snra of two ezponential curves, vii, 218. 
through given points, vii, 222. 
to plot the, vii, 218. 
Catocala, sp., ii, 54. 
gnla of, ii, 54. 
labium of, ii, 57. 
maziliary palpi of, ii, 56. 
Caucasians, température sensé in, iii, 202. 
Celloiden-paraflin, methodof embedding, z, 62. 
Ceratitis, ii, 165. 
Ceria, iii, 187. 

abbreviata, townsendi, tridens, iii, 216. 
preoccnpled, vi, 146. 
signifera Loew, vi, 144. 
willistoni, n. sp., vi, 141. 
willistoni, synonyms of, vi, 144. 
Ceriocrinus monticnlatus, n. sp., viii, 123. 
Character of Bison occidentalis, the fossil 

bison of Kansas and Alaska, viii, 17. 
Characteristics of Coal Measare limestone, iii, 

280. 
Charadrius sqaatarola, iii, 132. 
Chanate shnles, named, ii, 109. 
Charleston, manicipalgoverumentof, bibliog- 

raphy, i, 196. 
Cheyenne sandstooe, note on the distribation 
of, by Charles S. Presser, viii, 135. 



Cherokee shales, iii, 272. 

coal beds of, iii. 306. 

déposition of, iii, 285. 

eztent of. iii, 272. 

faults iu, iii, 281. 

named, ii, 106. 
Cherry Hill prison, i, 160. 
Chicago, municipal govemment of, bibliog- 

raphy, i, 196. 
Chilosia ohalybescens, ii, 76. 

comosa, iii, 247. 

lasiophthalma, iii, 247. 

lucU, iii. 228. 

lugubris, iii, 227. 

petulca, iii, 228. 

sororcula, iii, 228. 

sp., iii. 229. 

tarda, iii* 228. 

willistoni, Ui, 227. 
Chrysochlamys crœsus. iii, 245. 
Chrysogaster bellula, nigrovittata, iii, 227. 
Chrysops intrudens, iii, 191. 

varians, iii, 192. 
Chrjsotozum derivatum, i, 84; iii, 226. 

integrum, iii, 227. 

ypsilon, iii, 226. 
Chnrch service in a foreign tongne in Kansas, 

iii, 162. 
Cimoliasaurus, iii, 2. 
Cirriped cruptaoeans from the Niobrara Cre- 

taceous of Kansas, vi, 187. 
Cissoid of Diocles, properties of, i, 50, 51, 70. 
Cladochonus benetti, vii, 17. 
Class démonstration material of cryptogamic 

plants, vii, 111. 
Claviceps, diseased ovaries of, i, 123. 
Claviceps purpurea, i, 123, 130. 

effectof, i, 131. 

bosts of, i, 131. 
Clearing média, ref ractive indez and alcohol- 

solvent power of, vii, 197. 
Clepsj'drops, vi A, 55. 
Clidastes. i, 16; iii. 167; vi, 101. 

speciesof, i, 17. 

tortor, ii, 84. 

veloz, description of, i, 17 ; ii, 83. 

westii, description of , i, 29. 
Cnephalia, iii. 177. 

amerioana, iii, 182. 

bisetosa, iii, 178. 

hebes, iii, 177. 

multisetosa, iii. 178. 

pansa, iii, 182. 

ruficauda, iii, 183. 
Cnephaliodes, iii, 186. 
Coal in Kansas, areal eztent of, iii, 297. 

Chemical properties of, iii, 306. 

commercial value of, iii, 807. 

counties producing, iii, 297. 

géologie position of, iii, 300. 

physical properties of, iii, 305. 

production of. iii, 308. 

stratigraphy of, iii, 805. 
Coal Measures, division of, iii, 291. 
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Coal Meaiiires, charaoteristiot of Umestooes 
of. iii. 280. 
eharaoteristics of saodstooes of. iii, 282. 
estent of marginal areas of, iii, 288. 
fannal stadiee, ix. 288. 
gênerai condition! of dispoaition of, iii, 

288. 
of Kansaa and Missonri, new Brjroioant 

from, iz. 1. 
ratio of eomponents of, iii, 279. 
atratigrapby of, iU, 271. 
sandstone, iii, 282. 
a new species of Sagenodns from the Kan- 

sas, Tiii, 17B. 
new and little Itnown Pelecypods from, 

Tiii, 181. 
new fossile from the Kansas, viii, 123. 
of Kansas, new forme of PseudomoDOtis 
from, yiii, 79. 
Coal-mining, probable fntnre of, in Kansas, 

iii. 809. 
Coal oil and gas in Kansas, iv, 1. 
Coccidœ of Kansas, I, viU. 1: II. 7111, 67; III, 

ix, 101; IV, X. 107. 
Coffeyville explosion. !▼, 67. 
Collas copronia, protborax of, iii, 189. 
Collatéral circulation in tbe cat after ligation 

of the postcava, ix, 167. 
Collection and storage of water in Kansas. 

iii, 217. 
CollineatioDs in tbe plane, projective gronps 
of perspective, v, 1. 
in tbe plane, gronp of 216. x, 13, 16. 
involntoric, in tbe plane and in spaœ, iv, 

205. 
on tbe coDstmction of, ix, 65. 
Colorado Cretaceons of Kansas, iii, 216. 
Colnmbns sandstooes. named, il. 106. 
Coroancbe Cretaceons, iii, 1. 

of Kansas, iii, 216. 
Composition of verbs with prépositions in 

Thncydides, ▼, 119. 
Compound cnrves in projective transforma- 
tions, V, 99. 
Comstock. Prof. J. H., oited, ii, 53. 

qnoted, iii, 45, 60, 61. 83. 
Cône pulleys, comparison of metbods for de- 
stgning, vii, 45. 
complète solution for problem of propor- 

tioning, vii, 56. 
designing of, vii, 41. 
for crossed belts, vii, 57. 
for open bolts, vii, 53. 
new graphical treatment of, vii, 53. 
tbe problem of proportioning, vii, 42. 
Rouleaux analysis for, vii, 47. 
ru les for proportioning the stepsof, vii, 63. 
Confervee, i, 87. 

Connected surfaces, a spécial class of, iii, 153. 
Conops angustifrons, 1, 44. 
grandis, i, 41. 
inornatu8, i, 45. 
magnus, i, 4^^. 
Dobilis, i, 45. 



Cooopa omatus, i. 46. 
parvns, i, 46. 
mfus. 1, 44. 
Constitution, interprétation of provisioas on 
origination of money bills, ii, 182. 
debates in flrst Congreas, il, 182. 
from 1792 to 1800, ii, 185. 
in twenty-second Congress, ii, 187. 
in twenty-flftb Congress, ii, 191. 
in twentr-eighth Congreas, ii. 191 
in tbirty-fourtb Congreas, ii, 191. 
in tbirty-flfth Congress, il, 196. 
in forty-flrst Congress, ii, 201. 
in forty-seoond Congress, ii, 204. 
in forty-sixth Congress, ii, 308. 
from 1881 to 1891, ii. 209. 
Construction of coUineations, on tbe, ix, 65. 
Continuons groupe, snpplementary notes to 

tbe article on, iv, 169. 
Contribution to tbe knowledge of tbe iebthyic 
fanna of tbe Kansas Cretaoeous, vii, 21. 
Copestyium marginatnm. i, 87, 41 ; iii, 241. 
Coraco'scapula of Eryope Cope, notes on tbe, 

viii, 185. 
Corals, new, from the Kansas Carboniferous, 

vii. 17. 
Corbnla, sp., viii, 92. 
Corn, number of parasites of , i, 228. 
Cossidap, scales of , iii, 86, 87. 
Cottonwood Falls limestone, iii, 279, 288, 234. 
Counterfeit gold dust, ohemical analysis of, 

iii, 197. 
Covariants of tbe cubic, ii, 88. 
Cragin. P. W., vii. 128. 
Crayflshes of Kansas, annotated catalogue of 

the, ix, 263. 
Cretaceons, some flsb teeth from tbe Kansas, 
ix, 27. 
a new turtle from tbe Benton, iii, 5. 
flshes, new species of, vii, 21, 117, 191. 
flshes, notice of three new, with remarks 

on tbe Saurodontidip Cope, viii, 107. 
invertebrates of Kansas, some additions 

to, viii, 87. 
new genus of flshes from tbe Niobrara, 

viii, 13. 
of Kansas, Pachyrbisodus minimus, a new 

species of flsb from, viii, 37. 
vertebrate remains from tbe lowermoet, 
iii, 1. 
Cricotus, vi A, 253. 
Crinoids from tbe Kansas Carboniferous, two 

new, ix, 21. 
Crioprora cyanogaster, iii, 247. 
Criorrhina umbratilis, i, 38. 
Critic centers of a System of quartics, i, 66, 68. 
Crocodilia. iii, 3. 

Cryptogamic plant matériel, vii, 111. 
Ctenophora angustipenois, similis, ii. 63. 
Cubics, basai points of a System nf, i, 52, 56. 
critic centers of a System of, i, 52, 53. 
cuspidal, i, 50, 51. 
u<>dHl, i, 4P. 5<t. 
Cubics through oioe points, peocil of, x, 13. 
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Cnproffoslarite, à new variety of zinc solph- 

ate, viii. 105. 
Cunipira, vi, 12. 
Cairimeter, a, W, 121. 
Cyanocephalus cyanocAphalus, iii, 133. 
Cjrrtopogoo daayllis, ii, 66. 

D. 
Dactylomyia, ii, 151. 

ffracilipes, ii, 151. 
Dakota Cretaoeoos of Kansas, iii, 216. 
Danais archippas, ii, 51. 

dypeus of, ii, 51. 

dorsal aspect of protiiorax of, iii, 137. 

epicraoiam of, ii, 53. 

epipharynx of, il, 56. 

flzed parts of the bead of, ii, 57. 

genœof, ii, 52. 

galaof, ii, 54. 

labial palpi of, ii, 57. 

labiam of, ii, 57. 

labmm of, ii, 54. 

maDdiblesof. ii. 58, 56. 

maxill» of, ii, 56. 

movable parts of the head of, ii, 53. 

occiput of, ii, 53. 

pilifersof, ii, 55. 

poet-genœof, ii, 53. 

selerites of the head of, ii, 51. 

tentorium of, ii, 54. 
Daptioas. vil, 22. 

broadheadii, vil, 24. 
Deffdnerate cubics of pencil throagh nioe 

points, X, 11. 
Dansity of population dépendent upon abnn- 

daooe of food-snpply, vii B, 27. 
Dermal coTering of Hesperomis, v, 53. 
Design ing of cône pulley 8, vii, 41. 
Desmatochelyidae, iii, 5. 
Desmatochelys, iii, 5. 

iowii, iii, 5. 
Desmatonenra, iii, 267. 

arceuttfrons, iii, 267. 
Desmatomyia, iii, 268. 

anomala, iii, 268. 
Détection of arsenic, antimony, and tin, ix, 

259. 
Diachlorus curripes, iii, 193. 
Dialect study, a contribution to, i, 71. 

word-list, i, 95, 187. 
Dialysis, iii, 265. 

aldrichi, iii, 265. 

dissimilis, iii, 263. 
elongata, iii, 265. 
ruflthorax, iii, 266. 
Dialysis and Triptotricha, iii, 263. 
Diaspis soowii, n. sp., Tiii, 14. 
Dichelacera scutellata, iii, 193. 
Dldea f nscipes, iii, 238. 

laxa, iii, 238. 
Diniotis, sp., iii, 173. 

a new secies of, from the White Hiver Mio- 
cène of Wyoming, iv, 237. 
paucidens Biggs, iv, 239. 



Dinotomius atrox, iii, 170. 

Direction of sonnd, experiments in judging, 

vii. 9. 
Distance of sonnd, experiments in judging, 

vU. 1. 
Dipalta, iii. 43. 
Diphtheria in Kansas, viii, 23. 

map showiug distribution of, by counties, 
viii, 33. 
Diptera of Colorado and New Mexico, iii, 225. 
Diptera, bibliography of North American, iv, 
199. 
brasiliana, i, 43, 119. 
brasiliana, part IV, vi, 1. 
list of Astlidœ. iv.' 173. 

new or little-known, ii, 59. 

two remarkable new gênera of, iv, 107. 
Discharge of the Kansas river at Lawrence, 

Kan., since 1881. iv, 163. 
Dissosteira longipennis, i, 39. 
Distance, visual perception of, v, 109. 
Distribution of the Mosasanrs, vi Â, 177. 
Dolichopodidœ, ii, 147. 

new gênera and species of, ii, 151. 
Dolichopus and Hygrocelenthus, revision of 
the gênera, ii, 1. 

additions to re vision of, ii, 154. 
Dolichopus, ii, 1, 2, 23, 152. 

table of spdcies, ii, 2. 

acummatus, ii, 2. 

agilis, ii, 5, 16, 26. 

albiciiliatus, ii, 3, 9. 

albicoxa, ii, 3, 10. 

augustatus, ii, 5, 15. 

aurifacies, ii, 6, 20. 

batillifer, ii, 4. 

bifractus, ii, 4, 12. 

brevimanus, ii, 3, 10. 

brevipennis, ii, 3, 10. 

brunoeus, ii, 5, 14. 

calcaratus, ii, 2. 8. 

canaliculatus, ii, 6. 

coloradensis, ii, 26. 

comatus, ii, 5, 14. 

convergens, ii, 2, 9. 

coquilletti, ii, 6, 19. 

corax, ii, 2, 7. 

cuprinns, ii, 4, 7, 12. 

dakotensis, ii, 4, 11. 

detersus, ii, 2, 8. 

disciflr, ii, 5. 

dorycerns, ii, 3. 

dnplicatus, ii, 6, 18, 157. 

endactylus, ii, 4, 11. 

flagellitenens, ii, 1, 4, 13. 

fulvipes, ii, 5. 

funditor, ii, 6, 20. 

germanus, ii, 1, 6, 21. 

gracilis, ii, 5, 15. 

grandis, ii, 6, 21, 156. 

gratus, ii, 2, 7, 8. 

hastatUB, ii, 4, 13. 

heoshawi, ii, 1, 4. 

incisuralis, ii, 5, 14. 
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Dolichopas incongruas, ii, 1, 3. 

johnsoni, ii, 2, 7. 

kansensi?. ii, 2, 8. 

laticornis, ii, 2, 7. 

lobatus. ii, B, 16. 

loDffimanas, ii, S, 10. 

longipennis, ii, 4, 6, 12, 13. 

lateipennis, ii, 4. 

marginatas, ii, 5. 17. 

melanooeroa, ii, 5. 

myoaota, ii, 2. 

nadas, ii. 8. 

obcordatns, ii, 4, 5, 14. 

occidentalis, ii, 6, 19. 

OTatas, ii, 2, 9, 156.. 

pachycnemus, ii, 8, 9. 

paleestricQS, ii. S, 10. 

platyprosopas, ii, 5. 

plamii>e8, ii, 4, 18. 

plamosas, ii, 6. 18, 19. 

poUez, ii, 5. 

pnpustas, ii, 5. 

pogil, ii, 5. 

palohrimanas, ii, 28. 

qaadrilameilatas, ii, 6. 

ramifer, ii, 4, 12, 157. 

refleotas, ii, 4, 12. 

raflcomis, ii, 6. 

sarotes, ii, 6. 

scapularis, ii, 6, 20, 28. 

Bcoparias, ii, 6, 18. 

setifer. ii, 2, 156. 

setosQs, ii, 5, 14. 

sezarticulatas, ii, 6. 

socias, ii, 8, 10. 

splendidalas, ii, 8. 

splendiduB, ii, 8, 11, 

suboiliatas, ii, 4. 

tener, ii, 4. 

tenuipes, ii, 155. 

terminalis, ii, 6. 

tetricas, ii, 2. 

toDsas, ii, 4. 

variabilis. ii. 4, 11. 

vigilans, ii, 5, 13. 

vittatas, ii, 4, 6, 12. 

wiliistonii, ii, 6, 22. 

zaothocnemna, ii, 8, 9. 
Dolichomyia, iii, 41. 

graoilis, iii, 41. 
Douglas formations along the Kansas river, 

the Pottawatomie and, iz, 234. 
Drosopliila opaoa, vi, 12. 
Dutch settlemente in Kansas, iii, 162. 



Eades imperialis, i, 80. 
Eclimas sodalis, ii, 65. 

anratas, ii, 66. 

lotas, ii. 66. 

melanosns, ii, fSi. 

maricatus, ii, 65. 
Economie and social inflaences of irrigation, 
viiB, 27. 



Economie Fangi, Seymonr and Earle's, i, 129. 

Edestosanms. synonymy of, i, 20. 

Effect of irrigation on priées, tU B, 83. 

Elephas. Tii, 124. 

Elmira reformatory, i, 165, 169, 176. 177. 

Elymas canadends, i, 128. 

virginiens, i, 128. 
Empis sociabilis, ii, 66. 
Employées, the condition of packing-booae» 

iy, 41. 
Empo lisbonensis, n. sp., Tiii, 111. 
Enchodns amierodas, vii, 193. 

parrus, vii, 192. 
Entomological News, i, 41. 
Bphydra bispinosa, yi, 2. 
Epibates maricatas, ii, 65. 
Epitaphios, a study of the type of the Greek, 

iy, 219. 
Epochra canadensis, ii, 150. 
Eqnianharmoniccnbies of pencil throngh nine 

points, z, 14. 
Eqaisetnm, method of demonstrating distri- 

bntion of spores, yiii, 118. 
Erie limestone, named, ii, 108. 
Erie limestone, iii, 275, 280. 
Eriophomm yirginieum, i, 124. 
Eriocera obscnra, ii, 61. 

eriophora, ii, 61. 
Erisichthe, yii, 22. 

Erisocrinns megalobrachins, n. sp., yiii, 124. 
Eristalis brousi, i, 88. 

broQsi, iii, 248. 

flavipes, iii, 218. 

hirtus, iii, 242. 

latifrons, i, 88; iii, 242. 

scntellaris, iii, 247. 

tenaz, iii, 242. 

transyersns, iii, 243. 
Eryops Cope, notes on the coraco-scapola of, 

yiii, 185. 
Erysipbe graminis, hosts of, i, 181. 
Escarpment, Altamont, vii, 95. 

Burlington, yii, 99. 

Burlington, yii, 282. 

Cariyle, yii, 97. 

Earlton, yii, 96. 

Elk FaUs, yii, 99. 

Erie, yii, 96. 

Enreka, yii, 100. 

Hertha, yii, 95. 

Howard, yii, 100. 

Independence, yii, 96. 

lola, yii, 96. 

Monnd Valley, yii, 96. 

Oswego, yii, 94. 

Pawnee, yii, 94. 

Reece, yii, 101. 
Esaential Parameters of projectiye tranf orma- 

tions, yii, 125, 126. 
Ethiopians, température sensé in, iii, 208. 
Eupeodes yolucris, i, 86; iii, 282. 
Euehoerus maerops. iii, 24. 
Eucnephalia, iii, 180, 186. 

gonioides, iii, 185. 
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Eadamns, prothoraz of , iii, 145. 

tityros, iii, 141. 
Eanesta feqaalis, ii. 171. 

bella. ii, 171. 

bellula. ii, 172. 

festina, ii. 171. 

mezicana, ii, 172. 
Earopean cities, goverament of , bibliography, 

i. 181. 
Eorosta comma, ii, 169, 170. 

feoestrata, ii, 169. 

latifroDS, ii, 161. 

reticalata, U, 170, 171. 

solidaffinis, ii, 160, 170. 
Eatreta diana, ii, 1S8. 

diana, var., ii, 158. 

lonfficornis, ii, 158. 

sparsa, ii, 167. 
Evaporation in the arid région, iii, 118, 211. 
Explosive compoond, formed by the action of 

liqnid ammonia npon iodine, vi A, 71. 
Explosion, the Coffeyvilie, iv, 67. 
Expoiiential curve, oonstmotion for, yii, 220. 

ase of , in plotting the catenary» vii» 218. 
Extremities of Tylosanras, vi Â, 99. 
Exlinct ▼ertebrates, new or little known, iii, 
165. 

F. 

Family of surfaces invariant ander hG* (ÂBCl) 

of type II. X, 89. 
Faunal stadies, Coal Measares, ix, 233. 
Felis maxima, iii, 174. 

Pems from the Permian of Kansas, a new 
gennsof, ix, 179. 
raethod of demonstrating distribution of 
spores, vii, 118. 
Finance committees, development of, in the 
honse of représentatives, ii, 217. 
in the senate, ii, 220. 
Finance of American cities, bibliography, i, 

186. 
Finney connty, Kansas, bird fanna of, Ui, 129. 
causes affecting abundance of bird fanna 

of, iii. 129. 
topography of, iii, 129. 
list of birds, iii, 129. 
Fish teeth from the Kansas Cretaeeous, some, 

ix, 27. 
Fish, a new species of, from the Cretaeeous of 

Kansas, viii, 87. 
Fishes, a new genus of, from the Niobrara Cre- 
taeeous, viii, lis. 
Cretaeeous, iii, 2; vii, 21, 115, 177, 191. 
three new Cretaeeous, viii, 107. 
Fissicom Tachinidee. iv, 171. 
Fissures and faults, iii. 284. 
Five-parameter subgroupe of Oo (Api) of type 

V, X, 100, 104. 
Fixing and hardening material, apparatus to 

faeilitate the process of, vii, 107. 
Food-supply, density of population dépendent 
upon, vii B, 27. 
progress and activity of society dépendent 
npon, vii B, 28. 



Foreign settlements in Kansas. i, 71 ; iii, 159. 

Fort Pierre Cretaeeous, iii, 216. 
turtie remains from, vii, 201. 

Fort Scott cernent rock, iii, 273, 280. 

Fossils, new, from the Kansas Coal Measures, 
viii, 123. 

Four-parameter subgroups of Oe (Api) of type 
V. X, 100, 104. 

Freeze-out Hills of Wyoming, Jurassic forma- 
tion of, ix, 109. 

PrenataB, scales of, iii, 61, 83. 

French settlements in Kansas, Iii, 161. 

French System of registry of erimioals, i, 173. 

Fusisporinm, i, 123, 130. 

Future, and future perfect, the past, vii B, 81. 



Gamett limestone, named, ii, 100. 

Gastrops, vi, 3. 
niger, vi, 8. 

G^logical reconnoissanee in southwest Kan- 
sas and No Man's Land, ii, 148. 

Geological section at Providence, Mo., iv, 161. 

Geological section, a, along theVerdigis river, 
ii, 115. 
Â. T. à. S. F. R. B. from Cherryvale to 
Lawrence, and from Ottawa to Holliday, 
11,118. 
Neosho river, ii, 104. 

Geological map of Logan and Gove connties, 
vii, 19. 

Geological map of Kansas, iii, 216. 

Qeology, report on fleld-work in, for 1898, ii, 99. 

Qeometry of one dimension, Hessian, Jacob- 
ian and Stinerian in, iii, 103. 

Qerman settlements in Kansas. iii, 159, 161. 

Glacier, traces of a, at Kansas City, Mo., ii. 
149. 

Glaciated area of Kansas, a preliminary re- 
port on, iv, 153. 

Gleed, C. S., i. 187. 

Gnamptosilopus, ii, 48. 

Gonia, iii, 177. 

ezul, 180; seqnax, iii, 181. 

Gove oounty, geological map of, vii, 19. 

Government of American cities, gênerai dis- 
cussions on bibliography, i, 187. 

Graphieal construotion for the catenary, vii, 
211. 

Graphie rectiflcation of arcs by means of hy- 
perbolic spiral instrument, vii, 169. 

Grapta interrogationis, prothorax of, iii, 188. 

Gramineœ, parasites of, i, 181. 

Grandgent, C. H., treasurer American Dialeot 
Society, i, 78. 

Grass family, number of parasites of, i, 128. 

Grasses, notes on some diseases of, i, 123. 

Gravais, surface, in eastem Kansas, ii, 136. 

Great Spirit spring. i, 85. 

Group hGa (ABCD), x, 55. 

Group eGa (ABCD) and its subgroups, x, 45. 

Group eeGa (ABCD) and its subgroupe, x, 46. 

Group hGa (ABCl) of type II, x, 87. 

Group eGa (ABCl) of type II, x, 98. 
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OroQp G« (ABpl) of type IV, x, 96. 
Oroap (i« (Api) of t/pe V. z. M, 101. 
OroopOrti z* 81. 

G.«(1.2.8,4). z, 10, 24. 

G,« (1.2,8), z, 28. aO. 

Qi«. z, 16. 
Gronpof 216 oollioeations la tbe pUne, z, 18. 
Groop and sob^oops of real colUaeatioiu 

leaviog a tetrahedroa invariant, z, 83. 
Gyptom in Kansas, vi, 16. 

rocks, cbemical composition of tome Kan- 

•as, Ti, 29. 

H. 

Hadms lepidotns. parvos, iil, 192. 
Harmonie cabics of pencil tbroagh nine points, 

z, U, 28. 
Heating System of Spooner library, Unirersity 

of Kansas, vii, 149. 
Hecamedo abdominale, vi, 4. 
Heliconidae. iil, 142. 
Helophilns bilinearis, iii, 247. 

liptiis. iii, 248. 

latifrons, i, 38; iii, 243. 

obscuras, iii, 247. 

similis, iii, 243. 

sp.. iii, 248. 
Hemaris thysbe, ii, 52. 

clypeus of, ii, S2. 

mandibles of, ii, 158. 

pllifers of . ii. 5S. 
Hemaris, prothoraz of, iii, 141. 
HepiaUdie. soales of. iii, 81, 82. 
Hepialus, ii, 52. 

clypeus of, ii, 52. 

epicraniom of, ii, 52. 
Hesperomis ffracilis, t, 58. 
Hessian of the oobic, ii, 88, 89, 91. 
Hesperidip. iU, 142. 
Hessian, tbe, in geometry of one dimension. 

iii, 103. 
Hezacbieta. ii, 167. 
Himantopos mezicanos, iii, 131. 
Holcodus. vi, 188. 
Holo8aunis,i,26: iii, 168. 
Ho3t Indez, Farlow and Seymonr's, i, 123, 131. 
Hoplopbonens occidentalis, t, 37. 
Horsebacks in the Kansas Coal Measores, 

iT. 145. 
Hougb, Dr. Gary de N , iz, 203. 
House jadiciary committee concèdes rigbt of 
senate to originate appropriation bills, 
ii, 108. 
Honse refuses to recognize right of senate to 
originate a bill authorizing tbe issae of 
treasary notes, ii, 191. 

rejects senate amendment to post-oflSoe 
appropriation bill, ii, 198. 

resolution deny ing rigb t of senate to amend 
revenue bill so as to originate repeal of 
income taz, ii. 201. 

dénies rigbt of senate to amend reTonue 
bill so as to alter its pnrpoae, ii, 204. 
Hulst. G. D., i, 40. 
Hntobinson reformatory, i, 177. 



HygrooelentboB, ii, 1, 23. 

afflictos, ii, 2:), 24. 25, 26, 155. 

cilUtns, ii, 8, 28, 24, 25. 

crenatus, ii, 23, 24, 25, 26, 155. 

idaboensis. U. 154. 

lamellicomis, ii, 25. 

UUpes, ii, 23, 24, 155. 

table of species. il, 24. 
Hygroceleutbns and Doliehopos, rerision of, 
ii, l. 

additions to revison of, ii, 154. 
Hymenoptera, parasitic, vil, 206. 
Hyperbolic spiral, constructions for, vii. 156. 

grapbical opérations performed by use of, 
vil. 160. 

Hyposaurus, iii, 8. 

Hypothesis for author of Piers Plowman, 

gronnds for new, vii B, 22. 

Hystricbodezia rœderi. ii. 77. 

I. 
IcbtbyodecUd». vii, 21. 
Icbtbyodectes, vii, 22. 
Icterica seriata, ii, 171. 
Ilythea flavipes, wi A, 4. 
Imperfect and imperfect of repeated action, 

the descriptlTe, Til B. 68. 
Indians, delicacy of the sensé of taste among, 

ii, 95. 
Instrument the, Tiii, 160. 

mathematical properties of. vii, 160. 

mechanical properties of, Tii, 171. 

properties and uses, vii, 155. 
Invariant curves and surfaces of hGj 
(ABCD)rs, z. 55. 

of hGi ( ABCl )ar of type II, z. 88. 

of G| (ABU )an of type III, z, 91. 

of G, ( ABpDanh of type IV, z. 97. 

of G, ( Api) of type V, z, 102. 
Invariant tetrahedron, z, 38. 
Invariants of cnbic, ii. 88. 

of point and cubic, ii, 86. 

of the quartic, ii, 91. 
Invertebrate fannas of Jurassic formation in 

Wyoming, iz, 109. 
Invertebrates, Cretaceous, of Kansas, viii, 87. 
Injury, mechanical, done by parasite, i, 126. 
Inversion, methodof, i, 47, 89. 
Involutric transformations of the straight 

Une, iv, 111. 
Infusoria. relation to ozygen, vii, 111. 
lodine, explosive compound formed by the 

action of liqnid ammonia upon, vi, 71. 
lola limestone, iii, 276, 281. 

named, ii, 109. 
Irish settlements io Kansas, iu, 161. 
Irregular curves, vii, 171. 
Irrigation along the Arkansas in western Kan- 
sas, iii. 117. 

canals along the Arkansas in western Kan* 
sas, iii, 123-126. 

in western Kansas, problems of, iU, 213. 

économie and social influence of, vU B, 27. 
lUlians in Kansas, ni, 161. 
Itomere, formation of, in Scolopendra, z, 68. 
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Jaoobiaa of tbe cobic, ii, 90. 

Jacobian, the, io geometry of ooe dimensioa. 

iii. 103. 
Joplin lead aod sine district, miDerals occnr> 

riogia, z, 161. 
Jogat». tbe scales of, iii, «0. 61. 80. 
Jnrassie forma tloo ia tbe Freexe-oat Hills of 
Wyomin^, ix, 109. 



Kaflr-ooro floar as an adultérant of bock- 

wbeat floar. Tii, 38. 
Kansas Aoademy of Science, transactions of, 
i. 86. 
Carboniféroos, new corals from, vii, 17. 
Coal Measnres, horsebacks in tbe, It, 145. 
Cretaceons, flabes of, tU. 21, 115, 1T7, 191. 
listof birds, additions, iii, 129. 130. 

Carpodicns mezicanns frontalis, iii, 

129, 134. 
Dendroioa cœrolescens, iii, 130, 135. 
Hesperocicbla naevia, iii, 129, 185. 
Piranga IndoTiciana, iii, 129, 184. 
penology in, i, 155. 
présent statns of tbe street-paTing problem 

in, ii. 27. 
river, notes on tbe discbarge of, It, 163. 
riTer valley, tbe sands of, iy, 125. 
sontbeabtem, pbysiograpby of, tU, 87. 
taxation in, riii B. 19. 
Kaw river and its tribntaries, a cbemieal ez- 

amination of, iii, 91. 
Kinoplasm and nndeolos, bebavior of, in tbe 
division of tbe pollen motber cells of 
Âsclepias comoti, vii, 77. 

L. 
Labor problem, ezperiments in tbe solution 

of, iv, 15. 
Labyrintbodont, a new, from tbe Kansas Car- 

boniferons, vi, 209. 
Lamm, Oscar F., engineer of Kansas peniten- 

tiary, i, 171. 
Lamna occidentcdis, iii, 2. 
Landois, quoted, iii, 50. 
Land sbales, iii, 277. 
Langland, William, bis pbiloeopby. ii, 221. 

bis probable éducation, ii, 285. 
Lasiocampidae, scales of, iii, 89. 
Latin, tbe seqoence of tenses in, vlii B, 57. 
Lawrence sbales, iii, 277, 282, 284, 205. 
ooal in, iii, 808, 306. 
named, ii, 122. 
Lecaniodiaspis oeltidis, sob. sp, pminoens, 

snb. sp. n., viii, 77. 
Leeaninm armeniaonm, viii, 71. 
canadense, viii, 68. 
oookerelli, n. sp., viii, 70. 
ooffeae, viii, 75. 
besperidiom, viii, 75. 
kansasense, n. sp., viii, 09. 
madone, n. sp., viii, 67. 
oleae, viii, 75. 

15-K.U.Qr. A-z4 



Lecaniodiaspis T parrotti, n. sp., viii, 76. 

Lecoropton limestone, iii, 278. 

liegal status of American ciliés, bibliograpby, 

i, 181. 
Lépidoptère, tlie protboraz of, dorsal aspect, 
iii. 137. 

form, variation, iii, m. 

lobes of, iii, 137, 138. 

membrane, movements of, iii, 187. 

tazonomicvAlaeoftbescdlesof, iii, 45. 

widtb of, iu, 138. 
Lepteoodon rectus, n. sp., viii, 113. 
Leptorbetbnm, ii, 60. 

angostatom, ii, 50. 
Le Roy sbales, named, ii, 110. 
Lesticodns, vi, 182. 
Lestosaorus, vi, 184. 
Limaçon, article on tbe, i, 89. 

as a nodal bicuspidal quartic, i, 62. 

Pascal's, i, 60, 89. 

angle trisected by ose of, ii, 89. 
Limestone, Burlington or Gamett, iii, 277, 
281. 

Carlyle, iii. 277. 

characteristics of Coal Measores, iii, 280. 

Cottonwood FaUs, iii, 279, 288, 280. 

Erie or triple, iii, 275, 280. 

lola, iii, 276, 281. 

Lecompton, iii, 278. 

Oiead, iii, 278, 281. 

Oswego, iU, 278, 280. 

Pawnee, iii, 274, 280. 

Tecnmseb. iii, 278. 

Topeka, iii, 278. 
Limestone, sandstone. and sbales, relative 

value for stratigrapbic work, ii, 102. 
Limnobia ooncinna, ii, 60. 

conctipes, ii. 61. 
Linear geometry of tbe cubic and quartic, 

ii, 85. 
Lintol, maximum load on a, ii, 81. 
Liodon, iii, 166. 
Lipocbaeta, vi, 7. 
Litorature and tbe writor*s responsibility, the 

tone of, vii B, 89. 
Livingston, Edward, quotation from, i, 161. 
Local govemment, bibliograpby, i, 180. 
Logan coonty, geologieal map of, vii, 19. 
Logaritbmio curve, construction for, vii, 220. 
use of, in plotting tbe catenary. vii. 218. 
London, govemment of. bibliograpby, i, 181. 
Lordotus pulcberrimus, puella, ii, 64. 
Lords and oommons, contest between, over 

control of tlie porse, ii, 218. 
Louisville minerai wator, tbe compodtion of » 

vi A, 117. 
Loup Fork tortoises, skoll of , vii, 148. 
Lozia ourvirostratra minor, iii, 184. 

stricklandi, iii, 184. 
Lycaenidte, iU, 140, 141. 

M. 

Machterodus. iii. 170. 
liacrosaurus, vi, 182. 
crassidens. iii, 175. 
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Mairnetism, effeot opon the spectral Unes of 

•odiom, vi, 77. 
MaUota albipilis. iii, 214. 
Map, prelimioary, of forei^ settlements in 

Kaosas. i. (faoiDflr) 84. 
Marginal areas, estent of, iii, 288. 
Maatodonsaams, w\, 209. 
Mazimom load on a lintel, il, 81. 
McCann sandstone, stratigraphy of the, iz, 

175. 
Meohanical propertiet of hyperbolio spiral in- 
strument, Tii, 171. 
Mecoptera, scales of, iii, 59. 
Megalopteris. systematic description of, x, 7. 
Megalopygidae, scales of , iii, 84. 
Melanerpes torqnatns, iii, 133. 
Melanoplns difTerentialis, vii. 206, 206. 207. 

parasitic infltiences on, vii, 206. 
Melanostoraa ooncinnnm, iii, 229. 

keUoffffi, iii, 230. 

mellinum, i. 86; iii. 230. 

steffnum, i, 86. 
Melitera dentata Grote, notes on, i, 89. 

prodenUlis Walker, i. 89, 40. 
Mesogramma marginatnm, i, 87; iii, 289. 

politum, iii, 239. 
Metapelastoneums, ii, 152. 

kansensis, ii, 158. 
Microdon megalogaster, i, 84. 
Micropterygidie, scales of, iii, 82, 83. 

globosns, iii, 226. 
Microecopic comparison of ^amples of wbite 

arsenic, iz, 255. 
Minerais in tbe Joplin district, iz, 161. 
Minerai water, composition of Lonisrille, tI, 

117. 
Miocène, the Wbite River, of Wyoming, a new 

tpecies of Dinictis from, iv, 287. 
Mizogaster mezicans Macq., notes on, yi, 140. 

breviTentris, n. sp., Ti, 137. 

conopsoides Macq., notes on, vi, 140. 

preyionsly described species of, vi, 140. 
Modem higher algèbre, i, 188. 
Modiola. sp. 7. Tiii. 91. 
Moments, mazimum bending, for moving 

loads, etc., i, 148. 
Money bills, origination of, confined to lower 
bouse, ii, 176. 

provisions in state constitutions, ii, 177. 
Mongoliens, température sensé in, iii, 208. 
Monocular perception of space, t, 112, 117. 
Monopteria gibbosa Meek and Wortben, new 

variety of, vii, 187. 
Monopteria 7 snbalaU, n. sp., viii, 188. 
Monroe doctrine, history of, t, 56. 
Morosaurus grandis, vii, 178. 

sacrum of, vii, 173. 

species of, vii, 178. 
Mosasanridae, iii, 169. 
Mosasaurus mazimiliani, iii, 166. 

horHdus. iii. 166; vi, 96. 
Moeasaorinie, vi, 181. 

Moeses. method of demonstrating distribotion 
of spores, vii, 118. 



Mosasanrs, a new genos of, vi, 96. 
habits of, vi, 110. 
Kansas, part I, i, 15. 
Kansas, part II, ii, 88. 
new characters of, vii, 286. 
range and distribution of, vi, 177. 
restoration of, vi, 107. 
some additional characters of , viii, 39. 
Mounting média, refractive indez and alco- 

hol-solvent power of, vii, 197. 
Mnltisection of angles by use of hyperbolic 

spiral instrument, vii, 162. 
Municipal govemment in the United States, a 

brief bibliograpby of, i, 179. 
Municipal industries of American cities, bibli- 
ograpby, i, 191. 
Muscidae, South American, iz, 208. 
Myalina 7 ezasporata, n. sp., viii, 128. 
Mycélium, methods of entering host, i, 127. 
Mydaidip, mouth-parts of, i, 118. 
Mylodon harlani. iii, 175. 
Myology of the hlnd limb of the raccoon, vi, 

121. 
Myriapods, spermatogenesis of , z, 61-76. 
Mytilaspis pomorum, viii, 14. 
Myzomycetes, matériel for the study of, vii, 
111, 112. 

N. 

Naturel gas and coal-oil in Kansas, iv, 1. 
distribution and use of, iv, 10. 
method of collecting and analyzing, iv, 9. 
Nansigaster punctulata, iii, 247. 
Navicula, i, 87. 

Nebraska City section, corrélation of, vii, 281. 
Nectoportheus, vi A, 182. 
Nemistrinidae, mouth-parts of, i, 114. 
Neoglaphyroptera striata, ii, 60. 
Neoitamus aflSnis, distinctus, ii, 73. 
Neuropteris, systematic description of, z, 7. 
New forme of Pseudomonotis from the Upper 

Coal Measures of Kansas, viii, 79. 
New labyrinthodont from the Kansas Car- 
bon if erous, vi, 209. 
New Plesiosaur from the Kansas Comanche 

Cretaceons, vi, 57. 
New York System of classifying prisoners, i, 

160. 
municipal government of, bibliography. i, 

194. 
Niobrara Cretaceous, iii, 21. 
Nitzschia, i, 87. 
No Man's Land, geological reoonnoissanœ 

in, ii. 143. 
Normal forms of projective transformations, 

vU, 126. 
Note on the Permian flora of Kansas, iz, 68. 
Notes on the osteology of Bison antiquus, vi, 

127. 
Notice of some vertebrate remains from the 

Kansas Permian, vi, 58. 
Notiphila bellula. vi, 5. 
pulchrifrons, vi, 6. 
striaU, vi, 5. 
Nndens, bndding of, in Scolopendra, z, 78. 



Digitized by 



Google 



OENBBAL INDEX, TOLCMES I TO X. 



197 



Nncola polobelU, n. sp., ▼iii, 182. 
Nasa abdominalis. Ti, 103. 

similis, vi. 108. 
Nyctodactylas, i, 5. 

apeoies of, i, 2. 
NyiDpbalidœ. iii, 142. 

O. 
Oata, nomber of parasites of, i, 123. 
Ochtbera, bamilis, Ti. 6. 

regalis, Ti, 6. 
OccnrroQoe of tbe bryozoan genns Rbabdome* 

•on in America, ix, 173. 
Oedaspis. ii, 165. 
atra, ii, 16t. 
minnta, ii, 164. 
montana, ii, 163. 
Oedioarena, ii. 162. 

diffusa, ii, 161, 162. 
Oklaboma, a geologioal reconnoisanoe in 
Grant, Garfleld and Woods connties. tU, 
121. 
Oligopoms? minntos, n. sp., viii, 126. 
Omeerasyrpbns baliopteras, iii, 226. 
coarctatns, iii, 226. 
sp., iii, 226. 
One-parameter snbgroape of bOaCABCD), z, 
83. 
of bOsC ABCl) of type II, z, 87. 
of ett,f ABCl ) of type II, z, 92. 
of GaCABl') of type III, z, 93. 
of GaC ABpl ) of type IV, z, 96. 
of Q.(Apl) of type VI, z. 100, 102. 
On tbe construction of oollineations, iz, 65. 
Onycbogonia, iii, 180. 
Oospores, oblitération of parencbyma by, i, 

129. 
Oxwrcular and other cranial bones of Xipbac- 
tinns Leidy, a preliminary description 
of, Tiii, 19. 
Opetia, iii. 143. 

Opnntia missooriensis, i, 39, 40. 
Oread limestone, iii, 278, 281. 

named, ii, 123. 
Organic matter in tbe Western streams, iii, 

101. 
Origioation of money bills, de bâtes on, in oon- 

stitotional convention, ii, 176. 
Omitbocheiroidea, vi, 36. 
Omitbooheirns, vi, 35. 
Omitbostoma, ii. 79; tI, 35. 
ingens, vi. 36. 

notes on the mandible of, iv, 61. 
on tbe skuil of. iv, 195. 
Ortboneuromyia, ii, 67. 

modesta. ii. 68. 
Osage City sbales, iii, 278-305. 

coal in, iii. 278. 304. 305. 
Oscillaria. i. 87. 
Osteology of Anogmins polymicrodns Stewart, 

viii, 117. 
Ostreidap, viii, 95. 
Oswego limestone, iii, 273. 280. 
Ottawa limestone, named, ii, 121. 



Ostrea attennata, n. sp., viii, 99. 

eanonensis, n. sp., viii, 90. 

congesta, viii, 90. 

erenula, n. sp., viii, 93. 

ellswortbensis. n. sp.. viii. 88. 

ezogyroidea, n. sp.. viii, 91. 

incurva, n. sp., viii, 92. 

jewellensis, n. sp., viii, 96. 

kansasensis, n. sp., viii, 88. 

lata, n. sp., viii, 94. 

leeii, n. sp., viii, 94. 

wellerii, n. sp., viii, 80. 

wUIistonii, n. sp.. viii. 89. 
Ozygen, évolution of. by Algœ. vii, 111. 

P. 
Pacbyrbina erytbropbys, ii. 68. 
Pacbyrbizodus leptognatbns, vii, 193. 

minimus, a new species of flsh from the 
Cretacéous of Kansas, viii, 87. 

sp., vit. 195. 

veioz. vii, 193. 
Paoking-boDse, condition of employées in, 

iv. 41. 
Pampbila conardus. genae of, ii, 52. 

epioranium of. ii, 63. 
Pangonia arcuata, iii, 190. 

bullata. iii, 191. 

diapbana, iii, 190. 

fUipalpis. iii, 190. 

fulvitboraz. iii, 189. 

margaritifera. iii, 191. 

pyrausta, iii, 189. 

nnicolor, iii, 189. 

venosa. iii. 189. 
Panioum sanguinale, i, 129. 

variegatum, i, 125. 
Papilis eurymedon. protboraz of, iii, 140. 
Papilionidfe. iii. 142. 
Paragus bicolor. i, 35; iii. 227. 

tibialis. iii. 227. 
Paralimna multipunctata. vi A, 111. 

obscura; vi A, 5. 
Paramyia. vi A, 1. 
Parasidfe, scales of. iii, 87. 
Parasites, effeots of. on bosts, i. 130. 
Paris, government of. bibliography, i, 182. 
Partition of Africa, tbe. viii B. 1. 
Parydra bamilis, vi, 7. 
Paseal's Limaçon, i, 60, 89. 
Patrick, G. E., i, 89. 
Pawnee limestone, iii, 274, 280. 
Pedal of a circle, i, 89. 
Pelastoneurus, ii, 152. 

vagans, ii, 152, 153. 
Pelecocera, iii. 187. 

pergandei. iii. 187. 

se» oides. iii, 187. 

wilUstoni, iii, 187, 239. 
Pelecorbynchns ornatus, iii, 192. 
Pelecypods, now and little known, from tbe 

Coal Measures, viii, 131. 
Pencil of cubics tbrougb nine points, z, 13. 
Penitentiary, Kansas state, i, 155. 
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PennaylTaoia System of clatsifyinir prisoners, 

i, 160. 
Penology in Kansas, i, 155. 
PeroeptioD, yisual, of distance, t, 110. 
PereolatioD throuirh soils, iii, 221. 
Permiao, tbe, io sootberD Kansas, ri, 140. 
Permian plants— Tseniopteris of tbe Permian 

of Kansas. z. 1. 
Permian flora of Kansas, note on, iz, 63. 
Permian of Kansas, a new genus of fems from 

tbe, iz, 179. 
Peronospora «raminicola, i, 129. 
Petrolenm, composition of Kansas, It, 11. 
Pbiladelpbia, municipal eroTomment of, bib- 

liograpby, i, 196. 
Pborocera, iil. 185. 

Pbysiograpby of sontbeastem Kansas, vii, 87. 
Pbysogenna fermerinea, yi, 8. 

nigra, vi, 8. 

yituta, yi, 8. 
Pioa pica budsonica, iii, 183. 
Picicoryos colnmbianns, iii, 133. 
Pieris rapae, protboraz of, iii, 137, 140. 
Piers tbe Piowman : 

content of tbe poem, ii, 230. 

form of tbe poem, ii, 276. 

interprétation of tbe cbaracter, ii, 251. 

political and social tbeories in, ii, 243. 

relation of , to tbe life of tbe autbor, ii, 235. 

scientiflc information in, ii, 239. 

spirit of tbe poem, ii, 279. 

tbeology and religion in, ii, 248. 

yalne of tbe poem, ii, 288. 
Piers Piowman, tbe yision of, ii, 233. 

list of Works referring to, yii B, 1. 

notes on, yii B, 1. 

possible name of antbor, yii B, 25. 

scène of tbe poem, ii, 231. 
Pipiza pistica, iii, 227. 
Piricularia grisea, i, 129. 

effectof, i. 130. 

bosts of. i, 131. 
Plagiotoma obliqua, ii, 162. 
Plants, Permian— Tfeoiopteris of tbe Permian 

of Kansas, z, 1. 
Plasmodia of Myzoocycetes, material for tbe 

study of, yii, 111, 112. 
Platecarpinae, yi, 181. 
Platecarpus, yi, 101-108, 183; yii, 203. 

note on, yii, 235. 

tympaniticus, yi, 185. 
Platinum, solubility of, in bydrochloric acid, 

iii, 199. 
Platyebirus cbeetopodus, iii, 231. 

ciliatus, iii. 247. 

byperboreus, iii, 231. 

palmulosus, iii, 231. 

peltatus, iii, 231. 
Piatycnema, iii, 143. 
Platygonus alemanni, iii, 24. 

bicalcaratus, iii, 24. 

compressus, iii, 24. 

condoni, iii, 24. 

restoration of, iii, 23. 



Platygonns striatns, iii, 24. 

yetos. iii, 24. 

aeigleri, iii, 24. 
Platypesa abscondita, iii, 205. 

antbraz, iii, 145, 205. 

barbata, iii. 207. 

boletina, iii, 149. 

caloeata. iii, 144. 

cinerea, iii, 146. ISa 

egregia, iii, 146, 150. 

flayicomis, iii, 145. 

obsoura, iii. 145. 

omatipes, iii, 143, 207. 

pallipes, Ui, 145. 

pnlobra, iii, 144. 

pnUa, iii, 205. 

rectineryis, iii, 207. 

superba. iii, 207. 

taeniata, iii, 145, 140. 

unioolor, iii, 205. 

umbrosa, iii, 145, 148. 

yelntina. iii, 143, 205. 
Platypezidae, iU, 148, 205. 
Platystoma lunulata, ii, 165. 
Platyura pnlobra, ii, 50. 

gracUis. ii, 60. 

notabilis, ii, 50. 
Pleasanton sbales, Ui, 274, 275, 286, 293, 295, 
302, 305. 

coal in, iii, 802, 805. 
Plesioeaurs, Cretaceous, iii, 2. 
Plesiosaurus gouldii, yi, 57. 
Plioplatecarpus, i, 28. 
Plnperfeot, tbe aoristic, yii B, 79. 

tbe descriptiye, yii B, 75. 
Pogonodon, sp., iii, 173. 
Pollen motber cells of Asclepias comuti, be- 
bayior of kinoplasm and nucleolus in 
diyision of, yii, 77. 
Pollicipes bawortbii, yi, 188. 
Polymorpbomyia, ii, 165. 
Polygons, construction of , witb tbe byperbolic 

spiral instrument, yii, 168. 
Pomacera, 1, 102. 
Portbeus, yii, 22, 115. 

lowii, yii, 24. 
Porzana jamaicensis, iii, 131. 
Posidonomyaî pertenuis, n. sp., yiii, 127. 

recurya, n. sp., yiii, 126. 
Pottawatomie and Douglas formations a long 

tbe Kansas riyer, tbe, iz, 234. 
Power of a twelye-foot windmill, yi, 101. 
Preliminary notice of tbe Meek and Marcon 
section at Nebraska City, Neb., witb tbe 
Kansas Coal Measures, yii, 231. 
Preliminary description of seyen new species 
of flsb from tbe Cretaceous of Kansas, 
yii, 101. 
Prentis, Noble, i, 71. 
Présents, perfects, and futures, yii B, 80. 
Preseryatiyes. action of salicylic acid and cal> 
cium sulfite in tbe preseryation of cider. 
yi A. 111. 
Proyidence, municipal goyemment of, i, 196. 
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Progresa and actiTity of society dépendent 

npon abondance of food sofyply, Tii B, 28. 

Projective gronps of perspeotiTe coUinea- 

tions in the plane, ▼, 1. 
Projectile transformations, eanonical forma 
of, Tli, 132, 140. 

continuons groups of, treated synthetio- 
ally, iT. 71, 243. 

continuons groupe of, v, 81. 

essential parameters of, vii, 125, 126. 

normal forms of, Tii, 125. 

of the plane, Are types of, viii, 48-60. 

t>pes of ( plate), yii. 127. 

types of, Ti, 63. 
Protoeophyraena bentonia, Tii, 27. 

Cretaceons species of, vii, 29. 

ffigas, n. sp., yiii, 110. 

recorvirostris, vii, 191. 

sp. noT., Tii, 28. 
Protoparce carolina, ii, 52. 

olypens, ii, 52. 

genae of , ii, 52. 

mandibles of, ii, 53. 

occiput of, ii, 58. 

pUifers of , ii, 55. 

postgenaeof, ii, 54. 
Prothoraz of bntterflies, a study of tbe, iii, 137 
Protochœms prismaticus, iii, 24. 
Protostega, iii, 10. 
Psendogonia, iii, 179. 
Pseudo-germinal vesicle stage in Soolopendra, 

X, 64. 
Pseodomonotis from the Upper Coal Measures 
of Ransas, Tiii, 79. 

hawni, viii, 83. 

hawni eqnistrîata, n. var., viii, 82. 

T robusta, n. sp., viii, 82. 

(7) tennistriata, n. sp., viii, 81. 
Pseudo-perna, n. gen., viii, 95. 

attenuata, n. sp., viii, 97. 

orbicnlaris, n. sp., viii, 97. 

mgosa, n. sp., viii, 96. 

torta, n. sp., viii, 96. 
Psilopa acicnlata, vi 4. 

metaUica, vi, 4. 

nigrimana, vi, 4. 
Psilopus, ii, 50. 

character of, ii, 47. 

Dame preoccupied, ii, 48. 

bioolor, ii, 48. 

fllipes, ii, 48. 

scintillans, ii, 48. 

tener, ii, 48. 
Psilopinœ, new gênera and species of, ii, 47. 

table of gênera, ii, 48. 
Psychidœ. scales of, iii, 85, 86. 
Pteranodon, ii, 79; vi. 35. 

pubis of, i, 4. 

species of, i, 1. 

skull of, i, 3. 

umbrosus, vi A, 36. 
Pteranodontinee, i, 12. 
Pterodactyls, Kansas, i, 1. 

Kansas, part II, ii, 79. 



Pterodactylus, i, 8, 11. 
Pterosauria, vi, 36. ^ 

classiflcation of, i, 12. 
Pterycollasaums, iii, 166. 
Puccinia coronata, i, 126. 

graminis, hosts of, i, 132. 

number of speciee on grasses, i, 124. 

phragmitis, i, 125. 

mbigo-vera, hoets of, i, 132. 
Puocinias, effects of . i, 130. 
Pumping power of windmills, theoretioal and 

measured, iv, 93. 
Pyromorphidae, scales of, iii, 88, 89. 



Quartics, basai points of a System of , i, 66, 69. 
cri tic centers of a System of, i, 66, 68. 
nodal bicuspidal, i, 59, 62. 
tricnspidal, i, 62, 65. 
trinodal. i, 56, 69. 
with a triple point, i, 65, 66. 

R. 

Rainfall in Kansas, Ui, 117, 218. 

"Raise*' debates on the meaning of. in the 

constitution, ii, 188, 193, 207, 210. 
Range and distribution of the Mosasaurs, with 

remarks on synonymy, vi, 177. 
Ratio of limestone to shales and sandstones, 

iii, 279. 
Reaumuria, iii, 177. 
Rectification of arcs with hyperbolic spiral 

instruments, vii, 169. 
Reformatory at Elmira, N. Y., i, 160. 
Reforma tory at Hutchinson, i, 160. 
Reformatory inmates, biographical statistics 

of, i, 166. 
Reform school at Topeka, i, 160. 
Refraotive index of clearing and mounting 

média, vii, 197. 
Registry of criminals, System of, i, 173. 
Regular polygons, construction of , by means of 

hyperbolic spiral instruments, vii, 168. 
Relative sentences and clauses, coordinate (in 

Cfesar's Coromentaries), vii B, 101. 
Relative value of limestone, sandstone and 

shale for stratigraphie work in Kansas, 

ii, 102. 
Responsibility for financial législation, effect 

of business methods of Congress on, ii, 

221. 
rendered ineffectuai by présent methods, 

ii, 223. 
reforms suggested to secore, ii, 226. 
Responsibility, the tone of literature and the 

writer's, vii B, 39. 
Restoration of Kansas Mosasaurs, vi, 107. 
Restoration of Oreodon culbertsonii Leidy, 

vi, la 
Restoration of Ornithostoma, vi, 35. 
Results of an examination of Tacitus and Sal- 

lust on séquence of tenses, vii B. 108. 
Rhabdomeson in America, occurrence of the 

bryozoan genus, ix, 173. 
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Rhabdopselaphos, iii, 42. 
Ebadiargas lenoopogon, ii, 75. 
Ehaffoleti« pomonella, ii, 161, 165. 

zephyria, ii, 164. 
Ehapkiidolabis debilis. ii. 62. 
Ehapbiomidat. mootb-parta of, i. 111. 

aotoD, i, 111, 112. 
Rbedia, iii. 177. 
Rhinffia nasica, i. 37; iii, 240. 
Rhiaocbelys, iii, 8. 
Rhynoboffonia, iii, 188. 
Riley, C. V., i, 38. 
River waters, oomparison of, iii, 88. 

oompariaon of minerai oonstitaents iD 
water of Kaw valley, iii, 88. 
Robert Laogley, name, yii B, 25. 
Robioett flngs, named, ii, 108. 
Roulette, instaotaneous eenter of, i, 80. 

limaooa as a, i, 88. 
Roins in Scott county, Kanaas, some prehis- 

toric, Tii B, 108. 
Roasians in Kansas, iii, 158, 161. 

S' 
Sacrum of M oroaanros, yii, 178. 
Sa^nodns, a new species of, from tbe Kansas 
Coai Measures, Tiii, 175. 

copeanus.n. sp., Tiii, 178. 
Saiicylic acid and calcinm eulflte as preserra- 

tiTes of cider, yi A, 211. 
Salmon, référence to bigber plane corye of, 
i. 48, 58, 60, 70, 88. 

référence to oonic sections of, i, 50. 
Sands of tbe Kansas riyer yaliey, iv, 125. 
Saprolegnieae, material for tbe stndy of, yii, 

112. 
BapromjBa bipnnctata, vi. A, 11. 

continua, vi, 8. 

eznl, yi, 11. 

geminata, yi, 8. 

Inpulinoides, vi, IL 

macula, vi, 8. 

picnila, vi, 10. 

rubescens, vi, 8. 

zanthioeps, vi, 8. 
Sarcopbagœ, vii, 208, 208. 
Sarcophaga cimbicis Town, vii, 206. 

bunteri, n. sp. Hough. vii, 207, 208, 210. 
Sarcopbagidee, vii, 206. 
Saurocephalidee, vii, 21. 
Saurocephalns, vii, 22, 177. 

dentatus, vii, 25. 

Bi>eciesof, vii, 186. 
Saurodon, vii, 22. 

ferox, vii, 183. 

leanus, vii, 177. 

notes on tbe genus and allied species, 
vii, 177. 

species of, vii, 186. 

ziphirostris, vii, 178. 
Saurodontiilœ. vii, 21. 
Saurodontidae Cope, romarks on, viii, 107. 
Scandinavian sett'emeoti in Kansas. iii, 159, 
161. 



Scales, absence of, in Coleoptera, iii, 74. 
in Heliconidae, iii, 75. 
in Hemaristbysbe, iii, 74. 
in Luna, Promethea, iii, 74. 
in Seeiid», Zygaenidae, iii, 78. 
arrangement of, in Callidryas enbule, 
Grapta interrogationis, Lycaenidae, Mor- 
pbo. Papilio. iii, 48. 
coloration in Araohnis picta, iii, 71, 72. 
Epicallia, Enprepia, Haiesidota ar- 

dentaU. iu, 72. 

Lycœna, Micropteryz, Morpbo, iii, 70. 

en PS of insertion of, in Casina, Erebna 

striz. Bndamus tityrus, Micropteryz 

unimaculella, Morpbo, Pieris protodiee, 

iii, 48. 

of body of, Cbaerompa. Megalopyge, Phy- 

iampeins, Sphingidœ, iii, 75. 
of Lepidoptera, absence of, iii, 73. 
arrangement of , iii, 47, 48. 
body scales, iii, 75. 
coloration by, iii, 68. 
comparison of, in Coleoptera, iii, 74. 
development of , iii, 63, 64. 
fnnctions of, iii, 54, 57, 76. 
hlstology of. iii, 51. 
omamental, iii, 68. 
pedicels of, iii, 50. 
sbape of, iii, 47. 

significanoe of development of, iii, 67. 
specialization of, iii, 64, 65. 
strie of, iii, 51, 52. 
structure, iii, 52, 53. 
tazonomic value of, iii, 45, 7& 
variation of, iii, 58, 54. 
sbape and size of, in Lepidoptera, iii, 46. 
inCaUidci^eubnle, iii. 47, 48. 
Castnia, Micropteryz. Morpbo, iii, 47. 
specialization in Actias luna, iii, 68. 
in Citberonia regalis, iii, 68. 
in Gloveria, iii, 65. 
in Heliconia, iii, 67. 
in Prionozystus robinie?, iii, 64. 
in Satumia carpini, iii, 63. 
in Tolype, iii, 66. 
striœ of Callidryas eubule, iii, 52. 
Castnia, iii, 53. 
Danais arcbippus, iii, 51. 
Hepialus, iii, 52. 
Lycomorpba constans, iii, 52. 
Micropteryz, iii, 70. 
Morpbo, iii, 51. 
Nomopbila, iii, 52. 
variation in Actias luna, Danais arcbip- 
pus, Megalopyge crispa ta, Micropteryz, 
Tolype veileda, iii, 58. 
Scatella obscura, vi, 5. 

stagnalis. vi, 5. 
Sobolar in politics, tbe duty of, v, 55. 
Scbools in a foreign tongue in Kansas, iii, 162. 
Scientific publications by members of tbe 
University of Kansas, bibliograpby of, 
viii, 138; z. — . 
Scotch settlements in Kansas, iii, 162. 
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Scolopendra, notes od spermatocytes and 
spermatids of, x, 61, 76. 

acoessory chromosome in, x, 71. 

apical point in spermatocytes of, x, 66, 67, 

bndding of nncleos in, x, 68. 

formation of itomere in, x, 68. 

origin of axial filament in, x, 70-74. 

psendo-germinal vesicle stage in, x, 64. 

stmctare of testes of , x, 62. 
Scott connty, Kansas, some prebistoric mine, 

vil B, 109. 
Secretary of tbe treasnry forced to make rég- 
ula r reports, ii, 185. 
Selasoma tibialis, iii, 192. 
Semi-arid Kansas, iil, 209. 
Semper, Cari, qnoted, iii. 62. 
Senate déclines to originate a tariff bill, ii, 
192. 

attempta to originate gênerai appropria- 
tion biU, bat fails, iii, 194. 
Sensé of taste, oomparison of tbe resnlts in 
tbe case of tests on Indians and on 
wbites, iii, 97. 
Seqoence, exceptions to, vii B, 96. 
Séquence feeling, tbe proof of a, Tii B, 103. 
Seqnence of tenses in Latin, tbe, vii B, 57. 
Sericomyia militaris, i, 37; iii, 242. 
Senrant-girl problem. iT, 31. 
Setaria glauca, i, 123. 

Tiridis, i, 129. 
Settlements, foreign, in Kansas, i, 71. 
Sexes, delicacy of tbe sensé of taste in tbe dif- 
férent, compared, ii, 97. 
Sbales, origin of, iii, 285, 286. 

Cberokee, iii, 272-309. 

Lane, iii, 277. 

Lawrence, iii, 277-295. 

Osage City, iii, 278-305. 

Pleasanton, iii. 274-305. 

Tbayer, iii. 275-305. 
Sbeldon, B. S., i, 137. 
Sialia arctioa, iii, 185. 
Sironectes, iii, 168. 
Skeat, W. W.. vii B, 1. 8. 11, 12, 20. 
Skin of Tylosaums, vi A, 97. 
Slosson, E. B., i, 137. 
Smitb, J. B., i, 39, 40. 
Smutoncom, i, 126. 
Snow, F. H., i, 39. 
Snowia, i, 119; vi, 12.: 

rufescens, i, 120. 
Soderstrom, E. E., i. 137. 
Sodinm, effect of magnetlsm npon tbe spectral 

linesof, vi, 77. 
Solannm carolinense, ii, 161. 
Solenomya parallela, n. sp.. viii, 131. 

trapezoides, viii, 132. 
Sompbospongia, n. gen., viii, 128. 

mnltiformis, n. sp., viii, 128. 
Some new cirriped cmstaceans from tbe 

Niobrara Cretaceoos of Kansas, vi 187. 
Sound, expérimenta in judging tbe direction 

of, vii, 9. 
Spallanzania, iii, 177. 



Sound, expérimente in judging tbe distance of , 

vii. 1. 
South American Musoidœ in tbe collection of 

S. W. Williston. ix. 208. 
Spartina cynosuroides, i, 125. 

stricta, i, 125. 
Spathiohira, ii, 23. 
funditor, ii, 23. 
pnlcbrimana, ii, 23. 
Spécial i anses, delicacy of, ii, 85. 
Spectral Unes of sodium, effect of magnetism 

upon, vi A, 77. 
Spermatids of Scolopendra, x, 68-71. 
Spermatocytes of Scolopendra, x, 63-68. 
Spermatogonial divisions in Bracbystola 

magna, ix, 135. 
Spbaeropboria cylindrioa, i, 37 ; iii, 239. 
Spbecoroyia vittata, iii, 247. 
SpbingidsB, iii, 141. 
Spbinx ligustri, moutb-parts of, ii, 55. 
Spbiximorpba Rond, vi, 146. 
Spilomyia kabli, iii, 245. 
liturata, iii, 245. 
quadrifasciata, i, 38. 
Spilograpba, ii, 162. 

electa, ii, 161, 162. 
Spirifer cameratus Morton, variations of ex- 
temal appearance and internai cbarac- 
ters, vii, 103. 
Spooner library, beating plant of, vii, 149. 
Spogostylum, iii, 43. 
Squama, vi, 187. 
lata, vi, 188. 
spissa, vi, 187. 
Statistics of American cities, bibliograpby, i, 
185. 
•biograpbical, of reformatory inmates, i, 
166. 
Stegana, vi, 12. 

Stein, Paul, vii, 209. ^ 

Steinerian, tbe. in geometry of one dimension, 

iii, 103. 
Stibasoma tbeotaenia, iii, 194. 
Steiner, a tbeorem due to, i, 70. 
Stenoprosopus arizonensis, ii, 76. 
Stictocepbala, ii, 170. 
Straight Une, involutoric transformations of, 

iv, in. 
Stramentum, vi, 188. 
bawortbi, vi, 188. 
tabnlatum, vi, 189. 
Stratigrapby of eastern Kansas, résume of , ii, 
126. 
of tbe McCann sandstone, ix, 175. 
of tbe Freeze-out Hills of Wyoming, ix, 

109. 
of Cberokee sbales, iii, 272. 
of Coal M easures, iii, 271. 
résume of coal beds of, iii, 805. 
Stratigraphie work, relative value of Ume- 

stone, sandstone and sbales for, ii, 102. 
Straussia longipennis, ii, 159. 

varieties of, U, 159-161. 
Strawn limestone, named, ii, 110. 
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Street-paTioff problem in Kansas, présent 

statos of the, ii, 27. 
Stygeropis berffrothi, ii, 64. 
Stylogaster, ttie American speoies of, i. 120. 
Strychnine, action of solfnric acid on tlie sépa- 
ration of tbis alkaioid f rom organic mat- 
ter, Ti A. 20S. 
Sobgronpe of hQ, (ABCD) with inrariant 
family of conee, x, 87. 
with invariant family of mled surfaces, 

X, 88. 
with invariant family of qnadric surfaces, 

X. 42. 
with invariant family of qnadric cônes, 

X. 42. 
whose path-carves are oonics, x, 48. 
whose path-cnrves are twisted cnbics, 
X, 44. 
Snbgronps of types VIII, IX, XI, in hO,(ABCl) 
of type II, X, 90. 

VI, VII, X. in hO, (ABCl) of type II, x, 91. 

VIII, IX, VII, X, in eO, (ABCl) of type II, 
X, 92. 

VII. X, in G, (ABUO of type III, x, 96. 

IX, XI, in G, (ABU') of type III. x, 96. 
XIII, XII. VU, in G* (ABpl) of type IV, 

X 98. 
XIII. XII, VII, in G, (Api) of type V, x, 
100, 105. 
SnbgToups of G, (ABU') with transcendental 
invariant surfaces, x, 94. 
of Ga (ABU') with invariant qnadric sur- 
faces, X, 96. 
of G, (Api) of type V. x, 100. 
Bnbjunctive constructions, some developed, 

vB, 86. 
Bummary of resuits on séquence of teqses, 

vii B. 95. 
Summary of resuits upon spermatocytes and 

spermatids of Scolopendra, x, 74-76. 
Supplementary list of N. A. Syrphidte, iii, 249. 
Bympycnus. table of species, ii, 168. 
frontalis. ii, 158. 
Uneatus, ii, 158. 
nodatus, ii. 153. 
occidentalis, ii, 153. 
tertianns, u, 158. 
SyritU pipiens, i, 88 i iii, 245. 
Syrphus amalopsis, iU, 247. 
americanus, i, 87; iii, 286w 
arcuatus, i, 86; iii, 282. 
crêper, ui, 284. 
digregns, iU, 233. 
dUjectus. i, 86; Ui, 284. 
intrudens, iU. 282. 
montivagus, opinator, iU, 286. 
notes and description of, i, 88. 
pauxUlus, i, 87; iU. 247. 
puUulus, iii, 237. 
ribesii, i, 87; Ui, 285. 
ruflcauda, i, 86; Ui, 284. 
Bodalis, iU, 247. 
umbellatarum, i, 87; iU, 2S7. 
Systropns, iii, 42. 



Syrphidae, new species of, vi, 187. 
lUtof N.A., Ui, 249. 
of Colorado and New Mexico, ui. 215. 



Tabanus feetivus, iU. 195. 

importnnus, iii, 196. 

lencaspis, iU, 195. 

modestus, Ui, 195. 

quadripunctatus, Ui, 19^. 

nigrum, iii, 196. 

nnicolor, iU, 196. 
Tabanidae, exotic. iii, 189. 
Tacbinidae, vii, 206. 

flssicom, iv, 171. 
Teniopteris coriacie, x, 2. 

coriacœ, var. linearis, n. var., x, 8. 

newberriana, x, 4. 

sp., X, 5. 

intemeural bodies on fronds of , x, 5. 

other species of, x, 7. 

sears on or near the rachis of , x, 9. 
Talarooera nigripennis Wied., iv, 171. 
Tapinocera, i, 102. 
Taste, delicacy of, among Indians, U, 96. 

method of testing the deUcaoy of, U, 9S. 
Taxation in Kansas, vUi B, 19. 
Taxonomic value of the scaies of Lepidoptora» 

Ui. 45. 
Tecumseh limestone, iii, 278. 
Teeth f rom the Kansas Cretaceous. some flah» 

ix, 27. 
Temnostoma squale, iU, 247. 
Température sensé, the, iii, 201. 
Tenses in séquence, the remaining, vU B, 91. 
Tenses of repeated action depending on simi- 

lar tenses, vii B, 87. 
Tephritisaffinis, ii, 172. 

albiceps, ii, 173. 

flnalis, ii, 172. 

obscuripennis, ii, 174. 

picturata, ii, 173. 
Tephromyia, vii, 207, 209. 

afflnis PaU.. vU, 209, 210. 

grises Meig., vU, 209. 

lineata FaU., vU, 209, 210. 

obsoleta FalL, vii. 209, 210. 
Terminology of spermatogenesis of myria* 

pods, X, 6L 
Tertiary, Loup Fork, il, 289. 

PUocene, U. 289. 

of Kansas, iU, 216. 
Testes of Scolopendra, structure of , x, 62. 
Teste of windmiUs. vi. 88. 
Tetracaulodon (Tetrabelodon) shepardUCopo, 

vUi, 99. 
Tetrad formation in spermatocytes of Sook>> 

pendra, z, 78. 
Thayer shales, Ui, 276, 295, 302, 306. 
Theory of compound curvee in raUroad en- 
gineering, V. 99. 
The spermatocyte divisions of the Aeiidid», 

ix, 73. 
Therevidae, mouth-parts of, i» 14. 
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Three-parameter tnbgroape of G4 (ABpl) of 
type IV, X, 97. 

of Q, ( Api ) of type V. z, 100. 104. 
Thucydidee, oomposition of Terbs with prépo- 
sitions in, ▼, 110. 
Tin, the détection of arsenic, antimony, and, 

iz, 2S9. 
Tolmeros cailidas, ii, 75. 

notatns, ii, 74. 
Topeka limestone, iii, 278. 
Topograpby of eastern Kansas, ii, 120. 
Tozochelys latiremis, yii, 201. 
Tozotrypana carvicanda Qerst., iT, 117. 
Townsendia minnta, n. sp., It, 108. 

«en. noy. ( Âsilide ), iy, 107. 
Townsend, référence to modem geometry of, 

i, 47. 
Transactions American Entomological So- 
ciety, 1, 40. 

Kansas Academy of Science, i, 89. 
Triassic of Kansas, iii, 216. 
Trichoptera, scales of, iii, 58, 59, 6L 
TricloniDœ, i, 105. 
Tridonns, i, 101, 106. 

bispinifer, month-parts of, i, 113. 
Triodonta cnryipes, iii, 247. 
Triplasius, iii, 42. 
Tripeacom dactyloides, i, 128. 
Triptotricba, iii, 263. 
Triptogon modesta, genae of, ii, 52. 

dypeos of, zii, 52. 

gnia of, ii, 54. 

labiom of, ii, 57. 

mazillaeof, ii, 57. 
Trisection of an angle, ii, 85. 
Tropidia incana, iii, 244. 
Trypeta, sp., il, 163. 

eqaalis, ii, 171. 

florescentiie, ii, 163. 

occidentalis, ii, 163. 

palposa, ii, 159, 162, 168. 
Trypetidee, North American, descriptions of, 

with notes, ii, 159. 
TarUe, Cretaceous, iii, 2. 

a new, from the Benton Cretaceoos, iii, 5. 

remains from the Fort Pierre, yii, 201. 
Tylosaaridœ, iii, 169. 
Two new species of Asilids from New Mezico, 

yi, 103. 
Two new crinoids from the Kansas Carbon- 

iferons, iz, 21. 
Two-parameter snbgroops of hOs (ABCD) 
z,87. 

of Qa (ABCl) of type II, z, 92. 

of Q, (ABU') of type III, z, 94. 

of Q4 (ABpl) of type IV. z, 97. 

of O, (Api) of type V, z. 100, 106. 
TyloMurinie. yi, 180. 
Tylosaums, yi, 109, 182. 

eztremlties of, yi, 97. 

proriger, yi, 102. 
Types of projectiye transformations in the 

plane and space, yi, 63. 
Types of projectiye transformation of the 
plane, y iii, 43. 

le-K.U.Qr. A-z4 



U. 

TJlntacrinns socialis Grinnell, notes on, iii, 19. 
Underflow in western Kansas, iii, 121. 
Unicnrsal cnryes by methods of inyersion, i, 
47. 

quartics, Cayley's method for, i, 57. 
Uniyersal drawing cnrye, yii, 172. 
Uniyersity of Kansas, bibliography of scientiflo 

publications by members of, yiii, 138. 
TJpper Carboniferons, the, in sonthem Kansas, 

yi, 149. 
Uromyoes graminicola, i, 125. 

spartinae, i, 125. 
Ustilago zeœ-mays, effecte of, i, 130. 

hoste of , i, 132. 

mycelinm of, in tissnesof seae-mays, i, 124. 

V. 
Vertébrale remains from the lowermost Creta- 

ceons, iii, 1. 
Visual perception of distance, y, 109. 
Volucella anna, iii, 240. 

apicifera, iii, 241. 

ayida, iii, 241. 

comstocki, iii. 240. 

esnriens, iii, 240. 

facialis, iU, 240. 

fasciata, i, 41; iii, 241. 

haagii, iii, 241. 

isabellina, iU, 241. 

obesa, iii, 241. 

satnr, iii, 241. 

tan. iii, 241. 

yictoria, iii. 247. 

W. 

Waconda spring, i, 86. 

War ezpenditores, y, 76. 

War spirit, causes of a rising, y, 71. 

Water, Louisyille minerai, yi, 117. 

Waters of the Kaw riyer and its tributaries, 

Chemical ezamination of , iii, 9L 
Well irrigation in western Kansas, iii, 126. 
Welsh settlements in Kansas, iii, 161. 
Wheat, number of parasites of, i, 123. 
Wheat starch as an adultérant of buckwheat 

flour, yii. 38. 
Wheatstone's bridge, altemating currents in, 

yii. 31. 
White arsenic, microscopic oomparison of sam- 

pies of, iz, 265. 
Williamson, référence to calculus of, i, 89, 90. 
Windmills, power of twelye-foot, yi, 191. 
resuite of tests of, yi, 89. 
theoretical and measured pumping power 

of, iy, 93. 
for raising water, iii, 127. 
Wind yelooity at Dodge City, iU, 118. 
Word-list, dialect, i, 96, 187. 
Wyooff limestone, named, ii, 111. 



Xanthogramma habilis, iii, 238. 
Xerobatesî undata, skuU of , yii, 143. 
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Xipbactinaa Leidy, a prelimioary deacription 
of tbe operoalar and otbar oranial bonas 
of. yiii. 19. 

indiyidoalTariationaiathegenns, rii, IIS. 
Xipbactinas aadaz, vil, 119. 

braobyffoathua, n. sp., yiii, 107. 

moloaaus, yii, 115. 

thaumaa, yii, 115. 
Xylota anaUs, Ui, 241. 

coioradensia, iii, 247. 

ejnnoida, iii. 246. 

flayitibia, iii, 244; i, 88. 



Xylota metamfora. iii. 247. 

notha. Ui. 247. 

piffra, iii. 247. 

Y. 
Yeilow lieliam Une, note on, yiU, 86. 
Yoldia glabra, n. sp., yiii, 188. 

Z. 

Zenooliœtta, U, IM. 

diobromata, il, 168. 
Zoospores of Algœ, apparatos for tbe stndy of, 
yU, 112. 
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